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Abstract   
More than 5,000 fatalities and eight million injuries occurred in the workplace in 2007 at 
a cost of $6 and $186 billion, respectively. The contribution of noise exposure and 
chemical hazards to acute injury is not well understood. While Neurotoxic chemicals are 
known to cause central nervous system affects among workers their potential 
contribution to the risk of injuries and a possible interaction with noise is not known. The 
study was conducted to determine if there is a significant relationship between workers’ 
compensation (WC) injury claim rates and hazardous exposures for Ohio companies. 
Specific aims were 1) to evaluate WC claims for workplaces with noise exposures 
above and below the occupational exposure limit (OEL) and 2) to determine the 
influence of the synergistic effect between ototoxic and neurological chemicals and 
noise exposure for predicting injury. Noise and chemical exposures were gathered from 
WC consultation program site visit reports. WC consultation reports were extracted for 
noise and chemical exposure sampling results from 2008 to 2012. Companies 
evaluated for noise during this time were included in the study. WC claims from these 
companies were evaluated for those same years by gathering data from the Ohio 
Bureau of Worker’s Compensation (OBWC). The number of employees for each 
company was also provided enabling the determination WC claims rate. Ohio has 
diverse industry and is a good representation for the US. Of 222 companies in the 
study, 40% had noise exposure levels above established Occupational Safety and 
Health Administration (OSHA) Permissible Exposure Limit (PEL) and about half were 
evaluated for chemical exposures. About 3000 noise exposure measurements were 
averaged by company and year and matched with company WC claim rates by 
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company and year. Claims were evaluated by International Classification of Diseases 
(ICD) code and 90% resulted from a workplace trauma. The OBWC consultation and 
claim data were a good sources for evaluating hazardous noise and chemical 
exposures in relation to trauma claims. Results showed that noise exposure was 
significantly related with trauma claim rates when adjusting for industry, company size, 
and HCP. Likewise, neurotoxic chemical exposure above the OSHA PEL was 
significantly related with trauma claims by company and year when adjusting for 
industry and company size. When evaluating only those companies and years with both 
noise and neurotoxic chemical exposure, noise exposure, chemical exposure, and the 
interaction of noise and chemical were significantly related to trauma claims. This 
relationship was strengthened when limiting to smaller sized companies (<250 
employees). The relative risk of a trauma claim was 1.45 for those companies with 
average noise exposures above 85 dB compared to those with lower noise exposures. 
There was an exposure-response relationship for companies with higher average noise 
exposure having higher relative risk of trauma claims. Workplace managers should 
consider evaluating safety hazards if they have elevated noise or neurotoxic chemical 
exposures.  
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1 INTRODUCTION AND HYPOTHESES 
 
More than 5,000 fatalities and eight million injuries occurred in the workplace in 2007 
at a cost of $6 billion and $186 billion, respectively (Leigh 2011). Approximately 22 
million workers are exposed to hazardous noise in the United States (Tak, Davis et al. 
2009). Healthy People 2020 objectives include a 10% reduction in occupational injuries 
to 380 per 10,000 workers (HHS 2010). One of the potential contributors to occupational 
injury is noise exposure (Girard, Picard et al. 2009, Kling, Demers et al. 2012). Cohen 
(Cohen 1973) reported higher number of accidents per worker among younger workers 
in high noise jobs (≥95 dBA) but he did not control for inherent risk of injury in jobs. 
Girard (Girard, Picard et al. 2009) reported that noise exposure (>90dBA) increased the 
risk of workplace accidents (RR=1.1 to 1.3) as did hearing loss (RR=1.1 to 2.3) and 
both factors (RR=1.2 to 2.8). Girard (Girard, Picard et al. 2009) recruited participants 
only from six manufacturing industries, somewhat controlling for workplace risk. 
Workers were shown to have higher injuries among those newly exposed to noise 
(Hutchins 2012) and those with high job complexity (Melamed, Fried et al. 2004). These 
significant associations may be due to hearing loss ((Zwerling, Sprince et al. 1996, 
Park, Bushnell et al. 2009), high job complexity (Melamed, Fried et al. 2004), or 
communication abilities (Kling, Demers et al. 2012). 
Few datasets are available with noise, chemical exposures and acute injuries for 
the same individuals or companies. Insurance consultation reports are an unexplored 
resource for professional industrial hygiene measures of noise and chemical exposures. 
These consultation report findings can be directly linked to workplace injury through 
company workers’ compensation (WC) claim history. WC claims and costs have been 
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used to evaluate workplace administrative policies and interventions (Baldwin 2004, 
Dunning, Davis et al. 2008, Park, Bushnell et al. 2009, Kennedy, Amick et al. 2010). In 
Ohio, noise induced hearing loss is rarely compensable by the workers’ compensation 
system (Hutchins 2012). Companies in Ohio do not have a monetary motivation to 
reduce noise exposures but they do have motivation to reduce injuries. The $186 billion 
(Leigh 2011) cost of workplace injuries makes companies very interested in finding 
methods to reduce them.  
1.1 Purpose and Specific Aims   
 
The study purpose was to assess if noise and chemical exposures are 
significantly associated with occupational injuries. The potential significance of the study 
is that findings could be used by managers to reduce injuries and the costs associated 
with those injuries.  
The following specific aims were accomplished using Ohio Bureau of Workers 
Compensation (OBWC) data: 
1. Examined the association between WC injury rate and noise exposures in the 
workplace reported in OBWC consultation reports (figure 1.1).  
2. Evaluated ototoxic chemical exposures and noise exposures reported in OBWC 
consultation reports in those same workplaces as predictors of WC injury rates (figure 
1.2).  
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Figure 1.2 Significant Aim 2 
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1.2 Hypothesis 
 
The research hypothesis is that there is a statistically significant (p≤0.05) 
relationship between company rate of WC claims and company noise and chemical 
exposures above the appropriate Occupational Exposure Limit (OEL).  
OELs are set by a variety of government agencies and private organizations 
including the Permissible Exposure Limits (PEL) and Action Limits (AL) set by the 
Occupational Safety and Health Administration (OSHA), Recommended Exposure 
Limits (REL) set by the National Institute for Occupational Safety and Health (NIOSH), 
and the Threshold Limit Values (TLV) set by the American Conference of Governmental 
Industrial Hygienists (ACGIH). OHIO BWC industrial hygienists have significant leeway 
in comparing to OELs that they believe are most relevant for the company. In this 
research, noise and chemical exposures were compared to the OSHA PELs.  
1.3 Relevance to Occupational Health   
 
The large number and cost of workplace injuries (Leigh 2011) make employers 
and safety and health professionals motivated to reduce those injuries. When noise 
exposures are above standards, health and safety professionals provide engineering 
controls for chemicals and noise and hearing conservation programs to reduce 
exposure. Evaluating any relationship between noise and injuries will provide a better 
foundation for employers and occupational safety and health professionals to intervene.   
1.4 Innovation 
 
Safety and health managers seek to understand the underlying cause of WC 
claims for effective reduction. Study results from evaluating an association between 
sound levels and injuries will provide a basis to improve decision-making. Novel 
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methods and sources were used to study this topic.   
 Data were extracted from consultation reports about each company including full-
shift industrial hygiene sampling for noise, solvents, metals, and other contaminants.   
 All study companies have noise exposure measurements (some above and 
some below standards); these similar companies form a cohort to evaluate the 
interaction between noise and specific chemicals and injuries.  
 WC claims were combined with number of employees at each company to 
calculate an injury rate as the outcome variable.   
 Analyses were on the company level for exposure and outcome.  
Insurance carriers view the entire workplace to assess liability and premiums. 
Results from evaluating relationships on a company level can be used by safety and 
health managers and insurance carriers to choose interventions to reduce injury at work 
and thereby reduce liability and premiums.   
 
2 BACKGROUND AND REVIEW OF THE LITERATURE  
 
A literature search was conducted for studies that evaluated the relationship 
between noise exposure, hearing loss, or solvent exposures with various health 
outcomes. The outcome variables were workplace fatalities or injuries, absences, or 
other health effects including:  hearing loss, hypertension, memory loss, postural 
balance, or neurological symptoms. Finally a search was conducted for studies which 
evaluated both noise and solvent exposures with injury or postural balance.  
2.1 Noise Exposure Relationship with Injury, Absence, or Symptom 
 
A literature search of PUBMED and CINAHL (Cumulative Index to Nursing and 
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Allied Health Literature) was conducted in summer of 2013 using the following Medical 
Subject Headings (MESH) terms:  (“accidents” OR “occupational injuries”) AND 
(“hearing loss, noise-induced” OR “noise, occupational”). When searching PUBMED, 29 
articles were found, when limiting the search to English language articles and articles 
that were published since 1980. Sixteen were relevant after reviewing the abstract, if 
provided, otherwise the title. Seventeen articles were reviewed from the PUBMED 
search. When searching CINAHL, five additional articles were found that were relevant 
to both noise exposure and accidents. Subsequent searches with the same search 
terms found two other relevant articles. Thereby 24 articles were reviewed. Two articles 
were reviews of the literature (Wilkins and Action 1982, Palmer, Harris et al. 2008). The 
studies reviewed in those articles are reviewed here, if they were relevant and published 
after 1980. The goal of most studies was to evaluate the effect of noise exposure on 
accidents, injuries, sickness absence, or fatalities while a smaller group of studies was 
to evaluate the effect of hearing loss on accidents or injuries. A detailed description of 
these 24 studies is given in Appendix A. Tables 2.1 and 2.2 provide a summary of the 
articles divided by noise exposure and hearing loss and further divided by study design.   
To evaluate if noise exposure is related to occupational injury, the following 
outcome measures were used in these studies:  workplace injuries, sickness absence, 
fatalities, hospital admissions due to workplace accidents, traffic accidents, and 
hypertension. The tables include a column that provides the factors that were adjusted 
in the analyses. The inherent safety hazards associated with each job are difficult to 
discern. D’errico (d'Errico and Costa 2012) asked workers about the inherent physical 
risk when performing their job. Although there are disadvantages to this method, use of 
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the method did address the possible association, the inherent risk of accidents 
associated with the job regardless of noise level. Cantley (Cantley, Galusha et al. 2015) 
used company records of physical job demands as a surrogate for degree of job hazard. 
In the study by Zwerling gender and education level were removed from analysis after 
adding occupation (Zwerling, Whitten et al. 1997). Age is a covariate with accidents in 
these studies as younger people who are also less experienced are more likely to be 
injured. Most studies were adjusted for age. Melamed (Melamed, Fried et al. 2004) 
conducted a study with 6,000 workers and adjusted for risk of physical injury, age, years 
of experience, occupation, body mass index (BMI), and education level; an odds ratio 
(OR) of 5.96 was reported for workers with noise exposure greater than 80 dBA. Three 
studies that included odds ratios as an effect measure showed a 36% increase in 
sickness absence (d'Errico and Costa 2012), a 52% increase in workplace injuries 
(Amjad-Sardrudi, Dormohammadi et al. 2012), and 495% increase in accidents with one 
lost work day (Melamed, Fried et al. 2004). Cantley (Cantley, Galusha et al. 2015) 
reported a relative risk (RR) of 1.61 for jobs with noise exposure of 88 dBA or more 
compared to those with noise exposure less than 82 dBA. Clausen (Clausen, 
Christensen et al. 2009) described a cohort of Danish workers and found those who 
self-reported their noise exposure as “rarely” or “half time” had a hazard ratio for 
sickness absence of 1.43, and 1.37, respectively, while those who reported exposure of 
“¾ time” had a hazard ratio of 0.87.  In this study, the authors suggested that actual 
measurements would have been more useful because some workers perceive noise 
differently, e.g. teachers with lower exposures than industrial workers may consider 
noise more of a problem. Authors of all other studies reported increased accidents, 
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sickness, or fatalities associated with higher levels of noise exposure or longer duration 
of noise exposure. 
Researchers performing cohort studies often merged multiple databases to 
analyze for the health risk of noise exposure. Many of the cross-sectional studies and 
some of the case-control studies were conducted at one or two manufacturing facilities. 
Only one study was found that included data at the company level rather than the 
individual level. Yoon (Yoon, Hong et al. 2015) conducted analyses of 1790 workplaces 
in Korea and combined those data with injury compensation records on a company level 
but did not adjust for the level of physical risk at the workplace. Noise exposure is likely 
to be related to acute injury.  Authors of all studies except Lees et al (Lees, Romeril et 
al. 1980) concluded that higher exposure to noise increased the risk of the chosen 
health effect, e.g., accidents, injuries, hospitalizations, absences, or hypertension. 
However, limitations existed in these studies. The relationship is not well understood 
because these results were confined to a few industrial sectors (Cohen 1973, Lees, 
Romeril et al. 1980, Moll van Charante and Mulder 1990, Barreto, Swerdlow et al. 1997, 
Picard, Girard et al. 2008, Sbihi, Davies et al. 2008, Amjad-Sardrudi, Dormohammadi et 
al. 2012, Cantley, Galusha et al. 2015), relied on worker’s opinion or recall (Melamed, 
Luz et al. 1992, Dias and Cordeiro 2007, Dias and Cordeiro 2008, Clausen, Christensen 
et al. 2009, d'Errico and Costa 2012), or did not adjust for age or experience (Moll van 
Charante and Mulder 1990, Melamed, Luz et al. 1992, Barreto, Swerdlow et al. 1997, 
Dias and Cordeiro 2008) or occupation or safety hazard (Lees, Romeril et al. 1980, Moll 
van Charante and Mulder 1990, Melamed, Luz et al. 1992, Picard, Girard et al. 2008, 
Picard, Girard et al. 2008, Sbihi, Davies et al. 2008, Girard, Picard et al. 2009, Amjad-
9 
 
Sardrudi, Dormohammadi et al. 2012, Kling, Demers et al. 2012).  
Table 2.1 Noise Exposure and Risk of Occupational Injury, Absence, or Symptom 
Design 
First 
Author 
Definition 
of 
Exposure* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
Cross-sectional Studies 
(Amjad-
Sardrudi, 
Dormoha
mmadi et 
al. 2012) 
≥85 dBA  Workplace 
injuries 
1062 OR 1.52(1.10,2.11) a, y 
(Cohen 
1973) 
Boiler 
plant only 
High >95 
dBA 
Low <80 
dBA 
% with 15 
accidents 
in 5 year 
period 
903 % 35% 
 
5% 
a, o, e,  
(Cantley, 
Galusha 
et al. 
2015) 
>88 dB 
85-87.9 dB 
82-84.9 dB 
< 82 dB 
>88 dB 
85-87.9 dB 
82-84.9 dB 
< 82 dB 
All injuries 
 
 
 
Serious 
Injuries 
9,220 
workers 
RR  1.61 (1.13-2.30) 
1.34 (1.07-1.70) 
1.15 (0.94-1.41) 
 
2.29 (1.52-3.47) 
1.39 (1.05-1.85) 
1.26 (0.96-1.64) 
a, li, o, 
ra, s, y 
(d'Errico 
and Costa 
2012) 
Noise & 
Vibration, 
men 
Sickness 
absence 
60,000 OR 1.36 (1.05, 1.77) r, a, e 
(Melamed
, Luz et al. 
1992) 
Noise 
exposure 
high (≥85 
dBA), 
moderate 
(75-84 dBA) 
low (<75 
dBA)  
Accidents 
M 
F 
Sickness 
absenceM 
F 
Job 
satisfac-
tion      M 
         F 
2,368 Χ2  
7.9 (p=0.02) 
2.8 (n.s.) 
 
35.9 (p<0.005) 
8.0 (p<0.005) 
 
 
6.8 (p<0.001) 
17.3 (p<0.001) 
 
(Melamed
, Fried et 
al. 2004) 
Noise 
exposure 
>80 dBA  
Accident 
with 1 lost 
work day 
6014 OR 5.96 (0.99 – 15.67) r, a, b, 
y, e, o 
(Yoon, 
Hong et 
al. 2015) 
≥90 dB 
80-89 dB 
<80 dB 
injury 
claims by 
company 
1790 
compan
ies 
OR 3.68 (2.35-5.78) 
1.72 (1.25-2.37) 
1 
sh 
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Design 
First 
Author 
Definition 
of 
Exposure* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
Case-control Studies      
(Barreto, 
Swerdlow 
et al. 
1997) 
High ≥95 
dBA 
Moderate 
Low < 90 
dBA 
Fatality 
 
177 OR 2.19(0.60, 8.04) 
 
5.72 (1.63, 20.1) 
3.05(0.80,11.7) 
e 
(Dias and 
Cordeiro 
2007) 
Workplace 
noise    High 
Medium 
Low  
all 
Hospital 
admission 
for work-
related 
injury 
600 OR 
 
 
 
AF 
 
2.294(1.513, 3.479) 
1.630(1.172, 2.268) 
1.331(0.938, 1.887) 
30.4% 
e, a, o 
(Dias and 
Cordeiro 
2008) 
Noise 
Always 
Sometimes 
Work-
related 
accident 
in past 90 
d 
432 RR  
4.955(2.817, 8.716) 
3.660 (1.817-7.370) 
e, w, o, 
co, sh, 
ov 
(Moll van 
Charante 
and 
Mulder 
1990) 
>82 dBA Recordabl
e injuries 
600 OR 1.83 (1.17, 2.88) al 
Cohort Studies 
(Clausen, 
Christens
en et al. 
2009) 
Self-report 
noise 
exposure – 
men>¾ time 
½ time 
Rarely 
Sickness 
absence 
5186 HR  
 
 
0.87 (0.61, 1.23) 
1.43 (1.10, 1.85) 
1.37 (1.07, 1.76) 
a, e, c, 
ch, b, 
al, sm, r 
(Girard, 
Picard et 
al. 2009) 
Noise ≥90 
dBA 
Acute 
accident # 
1 
2 
3 
4 
52,982 RR  
 
1.08 (1.02, 1.14) 
1.21 (1.12, 1.31) 
1.15 (1.03, 1.28) 
1.28 (1.15, 1.43) 
a 
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Design 
First 
Author 
Definition 
of 
Exposure* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Kling, 
Demers et 
al. 2012) 
Noise >85 
dBA, 
duration: 
5+ y  
2-5 y 
1-2 y 
91 d – 1 y 
2-90 d 
Hospital-
ized for 
workplace 
injury 
5000 RR  
 
 
1.27 (0.58, 2.55) 
1.75 (0.90, 3.12) 
1.82 (0.94, 3.56) 
2.01 (1.06, 3.78) 
1.58 (0.74, 3.38) 
a, ra, yr 
(Lees, 
Romeril et 
al. 1980) 
Noise 
exposure 
≥90 dBA 
≤85 dBA  
 
Medical 
events 
Head-
aches 
Accidents 
140  p=0.702 
 
p=0.714 
 
p=0.954 
a, y, sh 
(Picard, 
Girard et 
al. 2008)a 
Noise  
>90 dBA 
WC 
accidents 
52,900 AF 6.2% a, n 
(Picard, 
Girard et 
al. 2008)b 
Noise ≥100 
dBA 
Traffic 
accident 
46,030 PR 1.07 (1.01,1.15) a, y 
(Sbihi, 
Davies et 
al. 2008) 
Noise (dBA) 
>115 
110-115 
105-110 
100-105 
95-99  
Cumulative 
exposure 
>95, >19 y  
>90, >19 y 
>85, >29 y 
Hypertens
ion, 
3 doctor 
visits, 
death, or 
hospital 
visit 
 RR  
1.3 (0.9, 1.7) 
1.3 (0.9, 1.6) 
1.1 (0.8, 1.5) 
1.1 (0.8, 1.5) 
0.8 (0.6, 1.2) 
 
32%  
1.3 (1.05, 1.6) 
1.3. (1.0, 1.5) 
1.5 (1.1, 2.0) 
a, yr, ra 
*PTA – Pure Tone Audiometry 
**OR – odds ratio, RR – relative risk, HR – hazard ratio, AF – Attributable fraction, PR – 
prevelance ratio 
†CI – confidence interval, n.s. Not significant 
‡a-age, al – alcohol, B – BMI, c – cohabitation, ch – children in home, co – coworkers, e 
– education level, h – HPD type, l – location, li- heavy lifting, o – occupation/job, ov – 
overtime, n – noise exposure level, ra – race, r – self-reported physical work 
environment exposure or risk of Injury, s – sex, sh – shiftwork, sm – smoking status, t – 
time period, w – weekly work hours, y – years experience, yr – calendar year 
Table adapted from (Palmer, Harris et al. 2008) 
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2.2 Hearing Loss Relationship to Injury, Absence, or Symptom 
 
Table 2.2 provides summaries of studies about hearing loss and the risk of 
occupational injury. All studies were performed by evaluating hearing loss by 
audiometry except two studies that used interview techniques (Zwerling, Sprince et al. 
1996, Zwerling, Whitten et al. 1997). Outcome measures for these studies included 
occupational injury, ill-health retirement, or traffic accidents. Authors of the studies that 
were performed by adjusting for occupation and providing odds ratios reported that 
impaired hearing resulted in 60%, 69%, and 55% more injuries than individuals without 
hearing loss (Moll van Charante and Mulder 1990, Zwerling, Sprince et al. 1996, 
Zwerling, Whitten et al. 1997). Authors of one study reported a RR of 1.21 for workers 
with a hearing threshold level of ≥25 dB compared to those with normal hearing (<10 
dB) (Cantley, Galusha et al. 2015). As shown in Table 2.2, every study included 
evidence that hearing loss was related to occupational injury, ill-health retirement, or 
traffic accidents.  
When studying an association between noise exposure and the risk of 
occupational injury, hearing loss is on a causal pathway between noise exposure and 
accidents. Hearing loss could be considered an intermediate outcome because it is 
principally caused by noise exposure and can, without continuing noise exposure, be 
related to workplace accidents.  
Results from studies of both noise and hearing loss as risk factors for 
occupational injuries (Tables 2.1 & 2.2) show that hearing loss was related to 
occupational injuries to a similar or greater degree than noise-exposure. Amjad-
Sardrudi (Amjad-Sardrudi, Dormohammadi et al. 2012) reported an OR of 1.52 for 
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workplace injuries resulting from noise exposure compared to an OR of 1.72 to 7.87 
resulting from partial to mild hearing loss. Picard reported a 6.2% attributable fraction 
(AF) to noise exposure for resulting workers’ compensation accidents, 7% to hearing 
loss, and 12% to both (Picard, Girard et al. 2008). Moll van Charante (Moll van 
Charante and Mulder 1990) reported that participants with a hearing loss of 20 dB had a 
significantly higher odds ratio of a workplace accident and those with high noise 
exposure also had a higher odds ratio of developing a workplace accident.  However, 
those with hearing loss and noise exposure did not have an odds ratio significantly 
different from one. The authors suggested that hearing is not as important for avoiding 
accidents in situations with high noise levels as it is in quieter environments.  Taken 
together these results suggest to the possibility that there could be an additive affect for 
risk of occupational injury for an individual exposed to noise and having hearing loss.  
Table 2.2 Hearing Loss and Risk of Occupational Injury, Absence, or Symptom 
Design 
First 
Author 
Definition 
of 
Exposure* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
Cross-sectional      
(Amjad-
Sardrudi, 
Dormoha
mmadi et 
al. 2012) 
HL 
>40 dB  
>30-40 dB 
15-30 dB 
 
Workplace 
Injury 
1062 OR  
4.58 (1.00, 20.89) 
7.87(2.01, 20.82) 
1.72(0.97,3.05) 
 
a, y 
(Cantley, 
Galusha 
et al. 
2015) 
HL 
>25 dB 
10-24.9 dB 
< 10 dB 
All Occup. 
injuries 
 
  
9220 
workers 
RR  
1.21 (1.09-1.33) 
1.06 (1.00-1.13) 
1.00 
a, h, li, 
ra, s, y 
(Zwerling, 
Sprince et 
al. 1996) 
Impaired 
hearing 
Workplace 
injuries in 
past year 
7,089 OR 1.60 (1.11, 2.30) o, li 
Case-control 
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Design 
First 
Author 
Definition 
of 
Exposure* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Ide 2007) HL >45 dB 
at one 
frequency 
FF with ill-
health 
retirement 
121 
cases 
112 
controls 
% 68% 
 
16% 
(p<0.001) 
a, o 
(Moll van 
Charante 
and 
Mulder 
1990) 
HL >20 dBA 
Noise>82 
 Noise<82 
Record-
able 
injuries 
600 OR  
1.69 (0.77, 3.70) 
4.63 (2.20, 9.74) 
al, o 
Cohort       
(Picard, 
Girard et 
al. 2008) 
HL 
>51 dB 
41-50 dB 
31-40 
16-30 
WC 
accidents 
52,900 AF 
PR 
7.0% 
1.29 
1.25 
1.14 
1.09 
a, n, y 
(Picard, 
Girard et 
al. 2008) 
HL  
>50 dB  
16-30 dB 
Traffic 
accidents 
46,030 PR  
1.31 (1.2, 1.42) 
1.06 (1.01, 1.11) 
a, y 
(Viljoen, 
Nie et al. 
2006) 
HL       
20-54% 
10-<20% 
<10% 
 
Injury from 
moving or 
falling 
object 
1,080 OR  
2.28 (0.84, 6.22) 
0.82 (0.32, 2.12) 
1.5 (0.85, 2.64) 
 
 
(Zwerling, 
Whitten et 
al. 1997) 
Hearing loss Workplace 
injury 
459,827 OR 1.55 (1.29, 1.87) a, o 
**OR – odds ratio, RR – relative risk, HR – hazard ratio, AF – Attributable fraction, PR – 
prevalence ratio 
†CI – confidence interval, n.s. Not significant 
‡a-age, al – alcohol, B – BMI, c – cohabitation, ch – children in home, co – coworkers, e 
– education level, h—HPD type, l – location, li- heavy lifting, o – occupation/job, ov – 
overtime, n – noise exposure level, ra – race, r – self-reported physical work 
environment exposure or risk of Injury, s – sex, sh – shiftwork, sm – smoking status, t – 
time period, w – weekly work hours, y – year’s experience, yr – calendar year 
Table adapted from (Palmer, Harris et al. 2008) 
 
2.3 Solvent Exposure Relationship with Injury, Absence, or Symptom 
 
Solvents are commonly used in many industries and processes including: vapor 
degreasing, dry cleaning, painting, adhesives, dyes, agricultural products, aviation, and 
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shoes and other textiles ((NIOSH 1987, Kelafant, Berg et al. 1994). An outdated, but 
best estimate is that there are as many as 9.8 million workers exposed to organic 
solvents (NIOSH 1987).  Organic solvents are volatile, relatively stable, liquid (at room 
temperature) mixtures or compounds in these general classes: aliphatic hydrocarbons, 
cyclic hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, ketones, 
amines, esters, alcohols, aldehydes, and ethers (NIOSH 1987). High-level, acute 
exposures to solvents, e.g., abusers, cause central nervous system depressant effects. 
Moderate to high level chronic exposures to certain solvents, e.g., n-hexane and carbon 
disulfide, cause specific degenerative effects to the central and peripheral nervous 
system. However, the extent to which low-level chronic exposures can cause 
neurological damage is less clear (Klaassen 2008). Animal studies of solvent exposures 
may underestimate the effects of exposures to workers because sedentary animals 
have lower pulmonary and cardiac requirements (American Conference of 
Governmental Industrial Hygienists. 1996). 
Occupational injuries can be related to overexposure to neurotoxic substances 
such as solvents, heavy metals, pesticides, and asphyxiates (Schaper and Bisesi 2003). 
The central nervous system has internal sensors to determine the state of the body. 
There are three mechanisms within the body that enable a person to maintain 
equilibrium: the vestibular, visual, and somasensory systems; the somasensory system 
is predominantly employed (Schoneburg, Mancini et al. 2013).  
The vestibular system detects orientation of the head by sensing fluid movement 
within three semicircular canals within the middle ear (Barrett, Barman et al. 2010). The 
visual system assists with equilibrium but to a lesser extent than the other modes and 
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becomes more important when other modes are damaged. The somatosensory system 
processes input including fine-touch, pressure, vibration and proprioception. These 
sensors are transmitted through afferent pathways to the spinal cord and to the motor 
cortex. The motor cortex adjusts actions as needed to maintain muscle control. The 
motor cortex is primarily involved with voluntary movement (Barrett, Barman et al. 
2010).  
The basal ganglia and cerebellum assist in normal motor function. Each plays 
important roles in normal motor function but always performs in conjunction with other 
motor control systems. The basal ganglia are involved with muscle control by 
influencing the motor cortex through the thalamus (Barrett, Barman et al. 2010). The 
basal ganglia modulates outflow to the thalmic region to plan and execute smooth 
movements. Dopamine is used as a neurotransmitter and can be inhibitory or excitatory. 
Diseases which involve movement disorder resulting from a malfunction of the basal 
ganglia include Huntington’s Disease and Parkinson’s Disease. Huntington’s Disease is 
genetic and is characterized by hyperkinetic features from inhibition in the GABA 
pathway. Parkinson Disease results from degeneration of dopaminergic neurons.  The 
cerebellum is concerned with coordination and learning adjustments to make 
movements smoother. The cerebellum also controls movement and balance. Afferent 
tracts of input include vestibulocerebellar, dorsal ad ventral spinocerebellar, 
cuneocerebellar, tectocerebellar, pontocerebellar, and olivocerebellar. These afferent 
pathways include receptors from various body locations which travel to the cerebellum. 
The cerebellum is divided into three parts:  vestibulocerebellum, spinocerebellum, and 
cerebrocerebellum. The vestibulocerebellum is processes equilibrium and eye 
17 
 
movements. The spinocerebellum receives proprioceptive input and the movement plan 
from the motor cortex. This part compares movements with the plan and assists in 
making movements smoother and more coordinated. The cerebrocerebellum interacts 
with the motor cortex for planning and coordinating movements.  Learned movements 
begin at the prefrontal areas then are performed by the parietal and motor cortex and 
finally by the cerebellum. The olivary nuclei is likely the basis of learning in the 
cerebellum. Damage to the cerebellum results in hypotonia, ataxia, and intention 
tremor.   
A literature search of PUBMED was conducted using the following Medical 
Subject Headings (MESH) terms: (“accidents, occupational” OR “occupational injuries” 
OR “postural balance”) AND “solvents.” When searching PUBMED, 47 articles were 
found, when limiting the search to English language articles, studies of humans, and 
published after 1979. After reviewing the abstracts for relevance, 17 are reviewed here. 
Many of those not reviewed were case studies or reports about conditions in various 
industries. Most studies were reports of the effect of solvent exposure on balance while 
others included cognitive measures, slip, trips, and falls, or hypertension. A detailed 
description of these studies is given in Appendix B. Table 2.3 shows a summary of 
outcome statistics from the articles that included point estimates for relationships 
between the studied variables.   
Seven investigators evaluated the relationship between occupational solvent 
exposure and workers’ balancing abilities (Kilburn, Warshaw et al. 1987, Kuo, 
Bhattacharya et al. 1996, Iwata, Mori et al. 2005, Herpin, Gauchard et al. 2008, Park, 
Lee et al. 2009, Zamyslowska-Szmytke, Politanski et al. 2011, Zamyslowska-Szmytke 
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and Sliwinska-Kowalska 2011). All of these studies involved groups of workers with low- 
level solvent exposure; the highest exposure level (Zamyslowska-Szmytke, Politanski et 
al. 2011) studied was styrene at 37 mg/m3 (~9 ppm). Postural balance was typically 
assessed with static posturography quantifying sway area and sway length. A force 
platform was used to determine the x and y coordinates of a participant’s center of 
pressure. Sway area and length are the area within and the distanced traversed by the 
participant’s center of pressure, respectively, during the observation period (Smith, 
Bhattacharya et al. 1997). Results from these seven studies show that those workers 
exposed to solvents at low levels in their work areas had larger sway area or sway 
length than non-exposed workers. Among elderly populations, research shows that 
force platform data may have predictive value for subsequent falls (Maki, Holliday et al. 
1994, Piirtola and Era 2006). A majority of the investigators adjusted for age in the final 
model, as shown in the right column of Table 2.3. Zamyslowska-Szmytke 
(Zamyslowska-Szmytke and Sliwinska-Kowalska 2011) reported a study of a group of 
non-symptomatic workers exposed to solvents to evaluate their vestibular system and 
balance. Sixty-four percent of the exposed workers showed some disturbances in these 
vestibular tests. Park (Park, Lee et al. 2009) evaluated 41 workers from four plants in 
South Korea to assess neurotoxic effects from exposure to solvent mixtures using 
biological monitoring. Monitoring results were 47% for exposed workers when compared 
to the American Conference of Governmental Industrial Hygienists (ACGIH) Biological 
Exposure Indices (BEI), showing that exposure was about half of exposure guidelines. 
Statistically significant differences were found in sway area (p=0.001) with the exposed 
group having higher areas indicating an association between occupational solvent 
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exposure and sub-clinical balancing abilities of workers. Loss of balancing abilities is 
clearly related to risk of falls among the elderly (Maki, Holliday et al. 1994, Piirtola and 
Era 2006, Doheny, Greene et al. 2012). A couple of case studies were performed 
among occupational groups whose authors concluded that an individual’s intrinsic 
balance capability was a factor in falls at the same level (Gauchard, Chau et al. 2001, 
Derosier, Leclercq et al. 2008).   
Only three studies were found that included assessment of the effect of solvent 
exposures on occupational accidents. A longitudinal study of the relationship between 
solvent exposure and slips, trips, and falls (STF) was conducted by collecting weekly 
surveys from members of a painter union (Hunting, Matanoski et al. 1991). STFs 
increased for those workers with low solvent exposure compared to those with no 
solvent exposure. Workers with moderate to high levels of solvent exposure did not 
have a statistically greater number of STFs. A cross-sectional survey of 1000 workers 
was conducted in the Thailand wood furniture industry (Tuntiseranee and 
Chongsuvivatwong 1998). The study’s authors found that many workers had chemical 
exposures and injury rates that were higher than other industries in Thailand. Other 
authors did not find factors predictive of WC claims in a cross-sectional study of 
companies where workers were exposed to lead (Seligman, Halperin et al. 1986).  The 
latter two studies are included in Appendix B but not in table 2.3 because no statistical 
analyses were made to quantify a relationship between exposure and accidents.  
Results of three studies described a relationship with solvent exposures and 
memory or cognition. Decreased memory or cognition was related to worker solvent 
exposure (Kilburn, Warshaw et al. 1987) in one study. Another author reported 
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increased relative risk of having a cognition test score in the lowest 25th percentile 
among workers exposed to solvents (Sabbath, Glymour et al. 2012). A group of workers 
that had been accidentally poisoned to solvents were compared to their non-exposed 
peers and had reduced performance on memory tasks (Stollery and Flindt 1988).   
Collectively, these research results show that solvents may be related to 
accidents or other health consequences. Many studies compared exposures to loss of 
balancing abilities; loss of balancing abilities could be an intermediate result leading to 
accidents in the workplace.   
Table 2.3 Solvent Exposure Relationship with Occupational Injury, Absence, or 
Symptom 
Design 
First 
Author 
Definition 
of 
Exposure
* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Attarchi, 
Golabadi 
et al. 
2013) 
Noise 
Solvent 
Noise & 
solvent 
Hyperten-
sion 
471 OR 9.43 (2.81, 23.46) 
4.38 (1.27, 10.53) 
 
14.22 (3.21, 40.84) 
a, b, y, 
sm, sa, 
ex, sh, 
o, f 
(Herpin, 
Gauchard 
et al. 
2008) 
Solvent 
exposed 
Equilibrium 
score 
23 z -2.07 p=0.03  
(Hunting, 
Matanoski 
et al. 
1991) 
weekly 
solvent 
exposure 
high 
moderate 
low 
Slips, trips, 
and falls 
123 OR  
 
 
0.96 (0.45, 2.06). 
0.66 (0.24, 1.77)  
1.62 (1.27,5.41) 
 
(Iwata, 
Mori et al. 
2005) 
Solvent 
exposed 
Eyes closed 
Sagittal 
sway  
Sway area 
Romberg 
quotient 
sagittal 
sway 
98 p  
 
p=0.0172 
p=0.0408 
 
 
 
p=0.0222 
s, al, a, 
sm 
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Design 
First 
Author 
Definition 
of 
Exposure
* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Kilburn, 
Warshaw 
et al. 
1987) 
Formal-
dehyde 
 
 
Solvents 
Memory of 
story 1 
S-Romberg 
Sway 
Memory of 
story 1 
S-Romberg 
Sway 
305 R2 0.1473 p<0.05 
 
0.3372 p<0.05 
 
0.0032 p<0.05 
 
0.0142 n.s. 
 
(Kuo, 
Bhattacha
rya et al. 
1996) 
Solvent 
exposure 
Sway 
Area/Length 
Eyes open, 
eyes closed 
Foam open, 
foam closed 
28 R2  
 
0.37, 0.35 (n.s.) 
0.54, 0.40 
0.40, 0.39 
0.32, 0.43 
a, s 
(Park, Lee 
et al. 
2009) 
Cumula-
tive 
biological 
exposure 
Sway area 
eyes open 
131 p p-0.001 s, a, h, 
al, sm, 
ho  
(Sabbath, 
Glymour 
et al. 
2012) 
Solvent 
exposure 
<25th% on 
cognition 
test 
(less-
educated) 
4134 RR 1.24 (1.09, 1.41) 
 
al, sm, 
y 
(Stollery 
and Flindt 
1988) 
Accidental
solvent 
poisoning 
versus 
control 
group 
Memory 
tasks: 
Paired-
associate   
Serial 
position 
Brown 
Peterson   
9 F  
 
2.8, p=0.08 
 
3.4, p=0.05 
 
7.9, p=0.003 
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Design 
First 
Author 
Definition 
of 
Exposure
* 
Injury or 
Health 
Measure 
Num-
ber 
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Zamyslo
wska-
Szmytke 
and 
Sliwinska-
Kowalska 
2011) 
Solvent 
exposure 
videony-
stagmo-
graphy 
abnormal-
ities 
Reaction 
time  
Movement 
direction  
Velocity 
Postural 
sway 
Foam, eyes 
closed 
61 p 64, 28, p=0.0003 
 
 
 
 
86, 84% p<0.0001 
 
0.9, 0.6 s, p=0.000 
 
3.3, 5.35 (º/s), 
p=0.000 
 
2.1 versus 1.6 (º/s), 
p=0.00007 
 
(Zamyslo
wska-
Szmytke, 
Politanski 
et al. 
2011) 
Solvent 
exposure 
ENG  
Caloric test 
L44 
L30 
R30 
Reactivity 
DP SPV 
DP 
Balance 
Reaction 
time 
Eyes open 
firm 
170 p  
 
0.000 
0.025 
0.077 
0.029 
0.005 
0.028 
0.003 
 
 
0.049 
 
0.000 
a, s, h 
*PTA – Pure Tone Audiometry 
**OR – odds ratio, RR – relative risk, HR – hazard ratio, AF – Attributable fraction, PR – 
prevalence ratio, n.s.—not significant 
†CI – confidence interval, n.s. Not significant 
‡a-age, al – alcohol, B – BMI, ca—calcium intake, d—diabetes, e – education level, 
ex—exercise, f—family history of hypertension, h—height, ho—hospital visits in last 
year, ir—iron intake o – occupation/job, ra – race, s – sex, sa—salt, sh – shiftwork, sm – 
smoking status, st—stroke, y – years’ experience,  
Table adapted from (Palmer, Harris et al. 2008) 
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Table 2.4 shows a summary of studies which reviewed the relationship between 
lead exposure and balance. NHANES data from 1999-2004 were evaluated for blood 
lead and cadmium levels in relation to balancing ability (Min, Lee et al. 2012); 
participants with vestibular dysfunction had higher mean blood lead levels than those 
without vestibular dysfunction. Injuries (e.g. falling) in one study were more common 
among young people (ages 14-19) who experienced higher blood lead levels from birth 
to age six (Kincl, Dietrich et al. 2006). Bhattacharya and colleagues reported that 
children with early lead exposure have delayed balance abilities compared with non-
exposed peers (Bhattacharya, Shukla et al. 2006).  
Table 2.4 Lead Exposure and Risk of Occupational Injury 
Design 
First 
Author 
Definition of 
Exposure* 
Injury 
or 
Health 
Measu
re 
Num-
ber  
analy-
zed 
Ef-
fect 
Mea-
sure
** 
Point Estimate 
(CI)† 
Factors 
Con-
sidered
‡ 
(Min, Lee 
et al. 
2012) 
Lead-µg/dL 
<1.2 
1.3-1.7 
1.8-2.2 
2.3-3.2 
3.3-48 
Cadmium-µg/L 
<.2 
.3-.3 
.4-.5 
.6-.8 
.9-7.4 
Balanc
e 
dysfun
ction 
5574 OR  
 
1.14(0.94, 1.38) 
0.96 (0.74, 1.24) 
1.18 (0.95, 1.47) 
1.42 (1.07, 1.89) 
 
 
1.27 (.103, 1.56) 
0.97 (0.83, 1.15) 
1.28 (1.01, 1.61) 
1.27 (1.01, 1.60) 
a, s, ra, 
e, al, d, 
st, sm, 
ca, ir 
(Kincl, 
Dietrich et 
al. 2006) 
Childhood 
blood lead 
Statistically 
higher 
Injury 
Limited 
activity 
Fall 
89 p p=0.04 
p=0.004 
 
p=0.01 
 
*PTA – Pure Tone Audiometry 
**OR – odds ratio, RR – relative risk, HR – hazard ratio, AF – Attributable fraction, PR – 
prevalence ratio, n.s.—not significant 
†CI – confidence interval, n.s. Not significant 
‡a-age, al – alcohol, ca—calcium intake,  d—diabetes, e – education level, ir—iron 
intake ra – race, s – sex, sm – smoking status, st—stroke 
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2.4 Solvents and Noise Exposure 
 
The Nordic Expert Group (Johnson and Morata 2010) published a 
comprehensive review of occupational exposure to chemicals and hearing loss 
summarizing the literature on this topic from 1950 to November 2007. These chemicals 
reviewed were included based on the extensive evidence on their ototoxicity. The 
review included pharmaceuticals, organic solvents, metals, asphyxiants, pesticides and 
polychlorinated biphenyls. Exposures near or below the existing occupational exposure 
limits (OEL) resulted in auditory effects for the following chemicals: styrene, toluene, 
carbon disulphide, lead, mercury and carbon monoxide. They also reported animal 
evidence showing that exposure to p-xylene, ethylbenzene, and hydrogen cyanide (at or 
below the OEL) are related to hearing loss but there is a lack of human data. Another 
review of animal and human literature of ototoxic substances through 2009 was 
conducted and findings showed that “lead, styrene, toluene and trichloroethylene are 
ototoxic and ethyl benzene, n-hexane and p-xylene are possibly ototoxic at 
concentrations that are relevant to the occupational setting” (Vyskocil, Truchon et al. 
2012). The authors also noted that carbon monoxide possibly interacts and toluene 
interacts with noise exposure to exacerbate hearing loss.   
A review of the literature was conducted to identify evaluations of a relationship 
between noise and chemical exposures and occupational accidents. A literature search 
of PUBMED was conducted using the following terms:  (noise or hearing) and (solvent 
or chemical) and (accident or injury or balance) and (work or occupational or job) for 
English language, human studies with no limits placed on publication year. Fifty-five 
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records were found but most titles were broad descriptors of noise, chemicals and 
accidents or described possible hazards of an occupation; the titles did not indicate 
results relating noise and chemical exposure to occupational accidents.  
Three other reports were retrieved (Prasher, Al-Hajjaj et al. 2005, Hodgkinson 
and Prasher 2006, Nies 2012) for possible relevance to this topic. Three review articles 
were reviewed on ototoxic substances and their effect on hearing loss (Nies 2012). 
Although the article includes information on ototoxic substances impairing balance, 
there is no discussion of balance. Hodgkinson reviewed the literature on the effects of 
industrial solvents on both hearing and balance and concluded that noise can lead to 
hearing loss and solvent exposure can result in vestibular disturbances but further 
research was needed (Hodgkinson and Prasher 2006). Prasher et al conducted a study 
of aircraft maintenance workers with groups exposed to noise and noise plus solvents 
and observed effects on the audio-vestibular system from noise plus solvent exposure 
(Prasher, Al-Hajjaj et al. 2005). Postural sway abnormalities were reported in about one 
third of workers exposed to noise and solvents. These studies were primarily concerned 
with ototoxic chemicals causing hearing loss and not the combined effect of noise and 
solvents on balance. No literature was found that describes the combined effect of noise 
and solvent exposure on balance or occupational accidents.  
2.5 Summary of Literature Review 
 
This review of relevant literature shows that many physical and chemical hazards 
are related or may be related to accidents in the workplace. Figure 2.1 shows a 
relationship between chemical and physical occupational exposures, those factors on 
the causal pathway and occupational accidents.  Results described in sections 2.1 and 
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2.2, support a possible relationship between noise exposure and hearing loss, 
respectively, and occupational accidents.  Additionally, noise exposure is known to 
cause hearing loss. Hearing loss may be included in the causal pathway between noise 
exposure and accidents. Section 2.3 is a summary of chemical exposure (without noise 
exposure) and its relationship to occupational accidents. Many investigators used 
postural balance to assess effects of solvent exposure. A reduced ability to maintain 
postural balance could be a risk factor for occupational accidents but was not reviewed 
here. Exposure to ototoxic substances is also related to hearing loss, an element in the 
causal pathway to occupational accidents.  
Few studies have been conducted to evaluate the relationship between noise 
and chemical exposure, individually or in combination, and occupational accidents. The 
need for such an investigation is supported by the literature. This study begins to fill that 
gap.  
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Figure 2.1 Relationships between Noise and Neurotoxic Chemical Exposures and 
Accidents  
Little  Data  
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3 STUDY DESIGN AND METHODS 
 
3.1 Study Design 
 
A retrospective ecological design with five years of WC claims by company 
enabled evaluation of noise and chemical exposures associations. A project data 
sharing agreement was executed as part of an (Ohio Bureau of Worker’s 
Compensation) OBWC & NIOSH research partnership agreement that was established 
in 2010. The agreement with OBWC included the following elements: 
 Noise consultation reports from 2008 through 2012.   
 All chemical consultation reports from 2008 to 2012 for those companies with a 
noise consultation from 2008 to 2012. 
 OBWC claims frequency for each participating company for five years (2008-2012) 
and tenure of claimants. 
 Number of employees and NAICS code were collected from Ohio unemployment 
insurance (UI) and linked at the employer level. 
3.2 Data Sources  
  
3.2.1 OBWC Consultation Reports (Site Visit Reports) 
 
The OBWC provides consultation to their insured companies, as a prepaid resource 
at the request of company personnel. The OBWC provides consultation in noise, 
industrial hygiene, ergonomics, engineering, and safety. Twenty-nine industrial 
hygienists conducted the noise and industrial hygiene site visit reports. Ohio companies 
participated in OBWC consultation for the following reasons (Hutchins 2012): 
 To participate in a premium discount/rebate program, 
 Part of a response to an Occupational Safety and Health Administration (OSHA) 
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complaint, 
 Subsequent visit after changes have been made, 
 To proactively assess safety hazards (rarely), or 
 To respond to a claim services personnel trend in injury claims (very rarely) 
An industrial hygienist from the OBWC visited each company and conducted 
sampling. Because participating companies were defined as having a noise consultation 
site visit, no office environments or other inherently quiet workplaces were included in 
the study. Samples were typically collected for the length of the work shift to provide 
time weighted average (TWA) results. The industrial hygienist compared results with 
OELs and if exposures were above those limits, he or she provided information on 
approaches for reduction of noise exposure and/or hearing conservation programs. The 
methods sections of the consultation reports gave information about quality assurance 
such as calibration of samplers. Measurement results were given for each sample, often 
using different thresholds for compliance with different limits, e.g., PEL versus action 
level (AL). Brief job descriptions were given for each sample. Employee names were 
redacted from the report. These reports were not available consistently before 2005. 
Therefore the most recent years available (2008-2012) were included in the study.  
Consultation reports were collected electronically from the OBWC Industrial 
Hygiene Technical Advisor. The reports were placed onto a NIOSH computer system 
after signing a non-disclosure agreement. The reports were not transferred to any other 
computer system. A Microsoft Access (Redmond, WA) database was created and 
reviewed by an IT specialist. It was a linkable database with these tables: chemical 
OELs, chemical results, companies, hazards, industrial hygienists, noise results, and 
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reports. Relevant data were extracted from each consultation report for noise and 
chemical exposure levels using Microsoft Access forms. The author had computer 
access to the NIOSH system while attending and physically located at the University of 
Cincinnati but did not move consultation reports or other OBWC data to the University of 
Cincinnati system.   
Company name and policy number obtained from the consultation reports were 
stored separately from the database along with a NIOSH company number. After 
extracting information from the consultation reports, company name and other company 
identifiers, except zip code, were redacted. The remaining link from policy number to 
NIOSH company number was transferred to the OBWC Management Analyst 
Supervisor and deleted from the NIOSH computer system. The OBWC Management 
Analyst Supervisor responded with masked policy numbers for the companies in the 
study. The masked policy numbers were used to access claims data that NIOSH 
already gathered for other on-going studies. Claims data were linked with consultation 
data by masked policy number. Claims data did not include any personal identifiers. 
Other information available from the site visit reports included:  date of the site 
visit, date of the site visit report, reason for site visit (noise sampling, chemical sampling, 
or both), the industrial hygienist’s name, descriptive reason for the site visit, descriptive 
results, other notes, and whether the site visit was a reassessment. Only personal 
sampling data were included in this project. The worker’s job description was also 
collected along with sample duration.      
3.2.2 OBWC Claims Data 
 
The frequency of Workers’ Compensation claims from 2008 to 2012 were 
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collected for each facility with a noise consultation site visit during the years 2008 to 
2012. The 2012 claims were preliminary when received in summer of 2014. Although 
these data had not been finalized, they were included in the study because cost would 
likely be the only factor to change and cost was not used in this study. The North 
American Industry Classification System (NAICS) code and number of employees for 
each company per year was also provided from with the claims data from the Ohio 
BWC.  
3.3 Independent Variables 
 
Independent variables were measures of exposure to noise and chemicals on a 
company-wide basis. Job description along with information in the site visit report (e.g., 
process information, company name) were used to determine the Standard 
Occupational Classification (SOC) code from 2002 for each worker sample. The number 
of employees for each company was used to determine company size by these break 
points: 10, 50, 250, and 1000 employees, for five categories. Tenure was only available 
for those workers who filed a claim. Tenure was averaged by company and year. 
3.3.1 Noise Exposure 
 
For each noise measurement, data recorded were: job description, SOC, sample 
duration in minutes, noise dosimeter make and model, calibration of the noise 
dosimeter, use of hearing protection, company hearing protection program, and time 
weighted average (TWA) sampling results. Values (from noise site visit reports) and 
computations are shown in Table 3.1. Personal sample results were compared to the 
OSHA PEL.  
Consultation reports included noise exposure calculations by up to three 
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approaches: High Threshold Level Criteria (HTL), Low Threshold Level Criteria (LTL), 
and NIOSH or ACGIH. The HTL calculation is used to determine compliance with 
Occupational Safety and Health Administration (OSHA) 8-hour PEL (OSHA 2012) of 90 
dBA. The HTL uses a 90 dBA threshold level and an exchange rate of 5 dB. The LTL 
calculation uses an 80 dBA threshold level at the 5 dB exchange rate for comparison 
with the 8-hour OSHA action level (AL) of 85 dBA. The NIOSH REL (NIOSH 1998) and 
ACGIH TLV (ACGIH 2014) are recorded using an 80 dBA threshold and a 3 dB 
exchange rate for comparison with an 8-hour OEL of 85 dBA.  
 
Table 3.1 Noise Exposure Data Collected and Computed 
 
The average TWA sound level at each company and year was calculated using the 
following equation: 
Information 
Source 
Information Collected Information Computed 
Noise consultation 
Report 
 
TWA noise levels for each 
worker using HTL 
(threshold 90, exchange 5) 
OSHA PEL 
Average  
Range  
Number of samples 
Number of samples > 90 dBA 
TWA noise levels for each 
worker using LTL* 
(threshold 80, exchange 5) 
OSHA AL 
Average  
Range  
Number of samples  
Number of samples > 90 dBA 
Number of samples >85 dBA 
TWA noise levels for each 
worker using  NIOSH REL 
or ACGIH TLV* (threshold 
80, exchange 3) 
 
Average  
Range  
Number of samples 
Number of samples > 90 dBA 
Number of samples >85 dBA 
Hearing Protection Program 
yes, no, not mentioned, not applicable 
Hearing protection worn 
wore, some wore, none, no mention, not applicable, available 
OBWC Total number of employees 
working at facility 
Percent exposed above OELs 
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑊𝐴 𝑆𝑜𝑢𝑛𝑑 𝐿𝑒𝑣𝑒𝑙 = 𝑞 Log10[
1
𝑁
∑ 10𝐿𝐴𝑖/𝑞] 
Where: 
i = measurement number 
q = 10 
Lai = A-weighted TWA sound levels for each employee sampled 
N = number of noise samples 
   
For each company/year combination, a count of the number of samples greater than 
each OEL and the average TWA sound level were recorded for use in the analysis.  
3.3.2 Chemical Exposures 
 
Variables collected from the chemical sampling results were: job description, 
sample length, analytical method, sampling type (media or direct reading), short term or 
all day sample, detected or non-detected, concentration, concentration units, if 
concentration was below the LOQ, OEL chosen by OBWC industrial hygienist (IH). 
Table 3.2 shows the specific data collected and computed from the chemical 
consultation reports.  
Table 3.2 Chemical Exposure Data 
Information 
Source 
Information Collected from 
Report or Database 
Information Calculated or 
Gathered From References 
Chemical 
Consultation 
Report 
Name of chemical sampled Chemical Abstract Service (CAS) # 
OSHA PEL, AL, & Ceiling levels 
ACGIH TLV & STEL levels 
NIOSH REL& Ceiling levels 
Result of chemical 
sampling for each worker 
For each company and year: 
  # workers exposed ≥OEL  
  Average for all workers sampled 
Analytical method name  
Respirator worn: wore, some wore, no mention, not applicable 
Sample Concentration Number > OELs 
OBWC Total number of employees 
working at plant 
% exposed above OEL 
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A determination was made if each contaminant sampled from the site visit 
reports was ototoxic, possibly ototoxic, or a CNS depressant. Table 3.3 lists ototoxic, 
possibly ototoxic, and neurotoxic substances that were included in the study. Chemicals 
that are considered ototoxic but were not sampled during any of the study site visits 
were: p-xylene, carbon disulfide, mercury, hydrogen cyanide, and methyl chloroform. 
Chemicals that are considered possibly ototoxic but were not sampled during any of the 
study site visits were: p-tert-butyltoluene, hexachlorobenzene, α-methyl styrene, 3, 3’ 
iminodipropionitrile, methyl chloroform, enflurane, polychlorinated biphenyls, and 
parathion.  
 
Table 3.3 Ototoxic and Neurotoxic Substances Included in the Study 
Type Ototoxic Possibly 
Ototoxic 
Neurotoxic 
Solvents styrene chlorobenzene ethyl alcohol, isopropanol, n-propyl 
alcohol, cyclohexane, pentane, 
1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, benzene, 
cumene, xylene, 1,1,2-
trichloroethane, carbon 
tetrachloride, chloroform, 
perchloroethylene, o-
dichlorobenzene, 1,1,1,2-
tetrafluoroethane, ethyl acetate, 
isopropyl acetate, methyl acetate, 
n-butyl acetate, n-propyl acetate, 
tert-butyl acetate, tetrahydrofuran, 
1-methyoxy-2-propoanol acetate, 
2-butoxyethanol, diethylene glycol 
monobutyl ether, dipropylene 
glycol methyl ether, propylene 
glycol monomethyl ether, 2-
pentanone, acetone, 
cyclohexanone, diisobutyl ketone, 
MEK, methyl amyl ketone, methyl 
isobutyl ketone, TVOC, gasoline, 
stoddard solvent 
toluene n-butyl alcohol 
trichloroethylene ethyl alcohol 
ethyl benzene methylene 
chloride 
n-hexane heptane 
 solvent 
mixtures 
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Type Ototoxic Possibly 
Ototoxic 
Neurotoxic 
Metals Lead Tin Aluminum, antimony, arsenic, 
beryllium, cadmium, chromium 
metal, cobalt, copper, dibutyl tin 
dilaurate, hexavalent chromium, 
iron, iron oxide, manganese, 
molybdenum, nickel, tin, tungsten, 
vanadium, zinc oxide 
 Organotins* 
 welding 
fumes** 
Asphyxiants carbon 
monoxide  
cyanides potassium cyanide 
Other  pesticides p-dichlorobenzene, acrylonitrile, 
naphtha, VM&P Naphtha, phenol, 
magnesium oxide, sodium azide,  
cyclobenzaprine, diphenhydramine 
hydrochloride, caprolactam, vinyl 
toluene 
*organotins -- dibutyl tin dilaurat 
**welding fumes -- various metals, e.g. cobalt fume, iron oxide, manganese oxide. 
 
There were 132 analytes entered into the Access database from 252 site visits 
reports at 108 companies. See Appendix C for a list of all analytes. These chemicals 
were evaluated by searching Haz-Map Occupational Health Database or IRIS (Integrate 
Risk Information System) to determine if any CNS or neurological effects are suspected 
from exposure. Eighty-one chemicals had ototoxic or neurotoxic potential and 51 did not 
and therefore were not studied further. OELs were determined for each of the analytes 
by consulting the NIOSH Pocket Guide to Chemical Hazards ((NIOSH 2007) or the 
2014 Guide to TLVs and BEIs (ACGIH 2014). Fifteen analytes did not have an OSHA 
TWA PEL or OSHA Ceiling PEL. Of those analytes without an OSHA OEL, eight had a 
NIOSH or ACGIH OEL. Some analytes had another OEL that the OBWC industrial 
hygienist used for comparison, for example a company limit for a pharmaceutical. Five 
analytes did not have any OEL for comparison and were deleted for this analysis: 1-
methyoxy-2-propoanol acetate, VM&P Naphtha, diethylene glycol monobutyl ether (2-2-
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butoxyethoxy ethanol), diphenhydramine hydrochloride (pharmaceutical), and naptha 
(heavy aromatic). Those five analytes without an OEL accounted for just nine samples.   
Simple statistics were computed by analyte. Samples below the limit of detection 
(n=7) were also included in the averages by using the LOD divided by the square root of 
two (Hornung and Reed 1990). Although LOD was not originally abstracted, the site visit 
reports were reviewed to abstract LOD. The results for three analytes were reported in 
both units of ppm and mg/m3: stoddard solvent, formaldehyde, and TVOC (Total Volatile 
Organic Compounds). These were converted to ppm for consistency. Conversion was 
straightforward for stoddard solvent and formaldehyde.  Conversion was less 
straightforward for TVOCs—as there is no single molecular weight for the mixture. The 
molecular weight of toluene and hexane were both considered as each is a VOC with 
an average molecular weight. The analytical method sometimes reported in the site visit 
reports was NIOSH Method 1501, a GC-FID method that names hexane as a standard 
to calibrate the FID response mass. The OSHA 07 analytical method is a general 
method used for more than 75 analytes; calibration is with the analyte of interest and 
does not target a representative compound. Hexane, with a molecular weight of 86.2 
g/mole, was used to convert mg/m3 to ppm for 62 TVOC samples.  
For the 76 analytes included for further analysis, there were 2280 samples. Seventy-
two of those were short-term samples and were compared to the OSHA ceiling limit, the 
NIOSH ceiling limit, the ACGIH Short Term Exposure Limit, and any short-term limit 
cited by the OBWC IH. OBWC IH often cited an OSHA limit but sometimes cited other 
limits. The other 2208 samples were TWAs sampled over the shift, usually for an eight 
or ten hour day. TWA samples were compared to the OSHA PEL, NIOSH REL, ACGIH 
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TLV, and any TWA limit cited by the OBWC IH.  
A count was made by company/year of the number of samples greater than or 
equal to the OSHA limit, NIOSH limit, ACGIH limit, and the limit cited by the OBWC IH. 
The counts included both TWA and short-term samples. Some of the counts resulted in 
missing values if there was no published exposure limit for the analyte. To reduce the 
amount of missing data, two other fields were created called “Above_OSHA_Other” and 
“Above_Any.”  “Above_OSHA_Other” was a count of the samples that were at or above 
the OSHA limit unless the analyte had no OSHA limit then the sample was compared to 
a non-missing limit in this order: ACGIH, NIOSH, OBWC. This field is similar to the 
OSHA count but gives values for missing analyte limits. For example, gasoline does not 
have an OSHA limit. An ACGIH limit does exist, so samples for gasoline are compared 
to the ACGIH limit and counted as Above_OSHA_Other if they above the ACGIH limit.  
This approach resulted in counts for 14 analytes. “Above_Any” counted a sample as 
being Above_Any if that sample was above a limit when compared to the four limits 
(OSHA, NIOSH, ACGIH, and the OBWC IH cited). For example, inhalable manganese 
does not have an 8-hour OSHA limit but many samples were above the ACGIH TLV.   
3.4 Dependent Variables  
 
The dependent variable was the number of injury claims for the company for each 
year and the construction of this variable is described here. WC injury claims were 
collected for the five years (2008 to 2012) of the study for each company. Since all 
claims were collected, injury claims were determined using a systematic approach for 
identifying injuries (Barell, Aharonson-Daniel et al. 2002). Claims records included: year, 
optimal return to work International Classification of Disease (ICD) code, body part, date 
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of injury, an accident text, and claimant’s birth date, age, tenure. From the injury claims 
per year, the count of injuries for each company and year was created. The number of 
employees by company/year was used with the yearly claims count to calculate a WC 
injury claim rate.  
 When companies were merged with claim and policy records, there were 22 
companies (9.9% of 222) that did not match any claims or policy data for the years of 
the study. The company masked policy numbers were sent to OBWC to see if they 
could determine a reason. The following was determined:  
 Seven companies did not have a federal tax ID for the study years. 
 Five companies recorded no payroll for the study years.   
 Eight companies were not in the BWC data ware house.  
Companies in the first two categories were removed from the study.  The other eight 
masked policy numbers were sent to the BWC IH Technical Advisor to determine why 
they did not match any company.  All of these companies had policy numbers that were 
incorrect, most by just by one digit. They were changed to the correct policy number, 
masked, and successfully matched with companies in the policy and claims data. 
Because of the errors in the policy numbers, all matching companies were 
checked to assure they were matched to the correct claim and policy data. They were 
checked by comparing zip code and description of the company from the site visit 
Access database with the region and NAICS code from the claims and policy data.  
Seventeen companies were sent to BWC for checking and all were found to be correctly 
matched.  
The claims data were evaluated to identify injuries to determine a count of 
39 
 
injuries per company/year. ICD codes provided nature and body region for each claim. 
Barell (Barell, Aharonson-Daniel et al. 2002) developed a “body region by nature of 
injury diagnosis matrix.” The matrix had 12 nature of injury columns and 36 body 
regions rows. Each ICD code was placed in a specific cell. Examples of nature of injury 
are: fracture, dislocation, sprains and strains, internal, etc. Examples of body regions 
are: traumatic brain injury (4 types), head, neck, eye, face, spinal cord injury (5 
locations), etc. If an ICD code did not fit into the matrix, then the text description of the 
injury was evaluated and assigned as appropriate; if the ICD code did not fit the matrix 
and the text description did not mention an acute injury, the claim was not included in 
the study. There were 71 claims without an ICD code; for these claims, the accident text 
was read to determine an approximate ICD code to categorize the result as an injury or 
an illness.  
The total number of injury claims was computed by company/year and combined 
with the noise and chemical results also by company/year. Some companies had policy 
and claims data for only some of the years.  If claims were missing for a year, no action 
was taken. However, if policy data were missing for some of the years, NAICS and 
employee count data were imputed from other years in this order: previous year, 
subsequent year, etc. Employee count was averaged for the company and assigned to 
the missing year. Any missing NAICS codes were imputed from the previous year or, if 
missing, the following year. There was very little variability in NAICS code.   
The main dependent variable was trauma claim count by company/year. The 
employee count by company/year was important to calculate the injury rate from the 
trauma count. Five year trauma claims averages were also computed for each 
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company.  
3.5 Quality Control 
 
3.5.1 Site Visit Quality Control  
 
Quality control for the site visit consultation reports was evaluated by collecting 
information on calibration and sampling times. For the preliminary study, detail was 
collected on whether calibration of sampling pumps occurred before and after data 
collection but it was found that if one was mentioned, both were mentioned. Therefore, if 
calibration was mentioned in the site visit report, it was recorded. Also, sampling times 
for each sample were recorded. Both noise and chemical industrial hygiene site visit 
reports were given a score from zero to two depending on quality control values.  A 
point was given for the following:  
 the site visit report mentioned calibration and  
 the minimum sampling time was greater than 220 minutes, approximately 
half a shift.   
The preliminary study data listing included field blank samples and spike samples 
information but no site visit report included these data.   
3.5.2 Data Coding Check 
 
Data from each site visit report were entered into a Microsoft Access database.  
The data coding check was conducted on all chemicals from the site visit reports. Later, 
some chemicals were removed from this analysis because they were not neurotoxic, but 
all data were checked for coding errors because it may be used for later analyses. 
When all the site visits were entered, there were 787 site visits entered, 413 site visits 
included noise measurement and 388 site visits included chemical measures (some 
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reports had both). There were 2776 sample results (observations) for noise and 3786 
sample results for chemical analytes. Ten percent of the site visits (92) were entered a 
second time by each of two coders. The original database, the master, was compared 
to the databases of the two coders for these site visits. Comparisons were made for 
chemical and noise site visits separately.   
Forty chemical site visits were evaluated. For each sampling result, table 3.4 
shows the frequency of matches.  Of 246 chemical samples that were entered, 214 
(87%) matched both coders and 96% matched at least one coder. This was a high 
match rate and did not warrant more checking of the data entry. 
Table 3.4 Frequency of Discrepancies when Comparing Chemical Sampling Results 
 No match Matches One 
Coder 
Matches 
Both 
Coders 
Analyte in Master Dataset 9 (4%) 23 (9%) 214 (87%) 
Analyte in Coder Version 5 26 0 
 
The comparison resulted in 138 site visit/analyte groupings (one to five entries 
per grouping) that were compared to see if all values (company ID, sitevisit ID, CAS 
number, silica percent, concentration, and concentration unit) were the same between 
the master and the two coders. Eighty of those 134 (60%) sitevist/analyte combinations 
were a total match. There were 54 sitevisit/analytes that did not match one or both 
coders.  Almost half were related to the method for recording silica which was changed 
during the coding.  More details on the coding check for chemicals can be found in 
Appendix D. The process of double entry showed that there were some global problems 
that were then fixed for the entire data set. For example, hexavalent chromium is often 
reported in micrograms per cubic meter but the data entry form was in milligrams per 
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cubic meter.  Sometimes the coder failed to convert the units.    
Double entry was also completed for 47 noise site visits. Of 331 samples, 224 
(68%) were a total match between the master and both coders for these six variables:  
company ID, sitevisit ID, minutes, and noise values at the OSHA PEL, OSHA AL, and 
ACGIH/NIOSH methods.  Details are described in Appendix D. There were a few global 
problems that were easily fixed, e.g., removing multisite companies.  
Table 3.5 Frequency of Discrepancies when Comparing Noise Sampling Results 
 No match Matches One 
Coder 
Matches 
Both 
Coders 
Sampling Result in Coder Version 20 (6%) 87 (26%) 224 (68%) 
Sampling Result  in Master Dataset 9 64 0 
 
3.6 Protection of Human Subjects 
 
The study was submitted and approved by the NIOSH Institutional Review Board 
(IRB). An expedited review was requested because the study was minimal risk and was 
a “collection or study of existing data.”  Subjects were not identified by the researchers 
either directly or through identifying the existing dataset. Only company information was 
used but was deleted after extracting necessary information. A waiver of informed 
consent was also requested according to §46.116 and accepted. The NIOSH 
Institutional Review Board approved this study on March 7, 2013. The University of 
Cincinnati and OBWC IRB applications were also filed; each deferred to the NIOSH IRB 
in communications received on May 2, 2013 (UC) and May 22, 2013 (OBWC).  
3.7 Preliminary Study 
 
A preliminary study was conducted. Two noise consultation reports were 
randomly-selected for the years 2002 to 2006 and 2010 to 2012 for 16 companies.  All 
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noise and chemical consultation reports from these 16 companies were assessed.  
Policy and claims data were available for the years 2001-2009. The preliminary study 
was conducted to test methods for entering and retrieving data from OBWC.  The 
preliminary study methods and results are presented in Appendix E.   
3.8 Data Analysis 
 
3.8.1 Noise Exposure Imputation Methods 
 
Sometimes the site visit reports did not provide a noise exposure results using 
the OSHA PEL metric. Although the three metrics are collected on one dosimeter, the 
three metrics give different but correlated results. The OSHA PEL metric uses a 
threshold of 90 dBA and an exchange of 5 dB whereas the OSHA AL metric uses a 
threshold of 80 dBA with a 5 dB exchange. Data were imputed to determine OSHA PEL 
result from OSHA AL result and/or the NIOSH result. These data were imputed in two 
ways: regression and Multivariate Imputation by Chained Equations.  
Using the regression method, one of these three linear regression equations 
were created to determine values for missing OSHA PEL results using existing data: 
1: OSHA PEL = intercept + OSHA AL(coefficient) + NIOSH(coefficient) 
2: OSHA PEL = intercept + OSHA AL(coefficient)  
3: OSHA PEL = intercept + NIOSH (coefficient)  
Results from reports that included the OSHA AL and/or the NIOSH metric allowed the 
creation of these equations that were applied to data without a reported OSHA PEL. R 
version 3.1.2 (2014-10-31, The R Foundation for Statistical Computing) was used to 
conduct these imputations.  
Multivariate Imputation by Chained Equations (MICE) is a statistical technique 
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that imputes missing data. The MICE technique imputes missing data from existing 
data. A statistical method for imputing the data is named and applied to determining the 
missing value and the MICE method is programmed to compute the mean and variance 
of the error term for the statistical method. The MICE technique imputes multiple 
iterations (in this case five) of the imputed result. The iterations are then pooled to a 
final imputed result for each missing value. The MICE program was called using the 
following command: 
imp<-mice(CE2, method = "norm.nob", n=5) 
This command imputed missing data in the dataset called “CE2” using a method that 
imputes univariate missing data using linear regression analysis. A value was randomly 
chosen using the mean and variance of the regression error term and applied to each 
point resulting in imputed values with a similar variance around the linear regression line 
as the variance of the existing data. Five iterations were imputed creating five imputed 
results for each missing value. The five iterations were pooled to create a pooled 
imputed value for each missing value. In figure 3.1 the results from the regression and 
MICE imputations methods are plotted. The regression line is shown in red while the 
MICE imputations are shown in blue.  The MICE imputed results have random variance 
around the regression-predicted value. 
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Figure 3.1 Example of Regression versus MICE 
To perform the MICE imputations, three metrics from each dosimeter result 
(OSHA PEL, OSHA AL, and NIOSH) were imported into R version 3.1.2. Each of the 
three metrics had missing data but only the OSHA PEL metric was of interest. For each 
noise dosimeter result, data points included: the original sampled result (if not missing), 
the imputed regression result, and the five MICE imputed results. Summary data were 
calculated by company/year from these data points. The imputed data using MICE from 
R software and Microsoft Access database were transferred into SAS v9.3 for Windows 
(SAS Institute, Cary, NC) for analysis.   
3.8.2 Measures of Association Methods 
 
The Poisson distribution was used to evaluate the research hypothesis: there is a 
statistically significant relationship between company rate of WC claims and company 
noise and chemical exposures above the OEL. Two relationships were evaluated: 
1. The association between WC injury rate and noise exposure 
2. The association between WC injury rate and noise and neurotoxic and other 
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neurotoxic chemical exposures 
Independent variables by company and year were:   
 noise exposure (quantified by either of two independent measures: the 
average noise level using OSHA PEL metric or number of results above 
the OSHA PEL) 
 chemical exposure (number of results above the OSHA PEL) 
 industry type (manufacturing, services, or oil agriculture and mining) 
 company size category (1-10, 11-49, 50-249, 250-999, 1000+ employees) 
 hearing conservation program (yes or no) 
 tenure of trauma claimant   
Dependent variable:  
 Number of trauma claims by company offset by number of employees 
Statistical comparisons were conducted using a Poisson distribution because the 
dependent variable was a count of the number of WC injuries per company per year. 
This count was offset by the number of employees by company/year. The SAS 
procedure called “proc genmod” was used with the Poisson distribution. Company was 
treated as a random variable (repeated subjects).  These are the initial models for the 
two relationships of interest:   
 
ln(𝐶𝑙𝑎𝑖𝑚𝑠 𝑅𝑎𝑡𝑒)
=  𝛽0 + 𝛽1𝑁𝑜𝑖𝑠𝑒 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 +  𝛽2𝐻𝐶𝑃 + 𝛽3𝑁𝐴𝐼𝐶𝑆 +  𝛽4𝐶𝑜𝑆𝑖𝑧𝑒 +  𝛽5𝑡𝑒𝑛𝑢𝑟𝑒 
 
ln(𝐶𝑙𝑎𝑖𝑚𝑠 𝑅𝑎𝑡𝑒)
=  𝛽0 +  𝛽1𝑁𝑜𝑖𝑠𝑒 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 +  𝛽2𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 +  𝛽3𝐻𝐶𝑃 +  𝛽4𝑁𝐴𝐼𝐶𝑆
+  𝛽5𝐶𝑜𝑆𝑖𝑧𝑒 + 𝛽6𝑡𝑒𝑛𝑢𝑟𝑒 
Where:  
Noise = one of the two metrics of noise exposure at each company 
Chem = chemical exposure > OSHA PEL at each company 
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HCP = company hearing conservation program 
NAICS = North American Industry Classification System 
CoSize = company size  
Tenure = tenure of the trauma claimants 
 
Independent variables were compared to each other to determine their degree of 
correlation. Variables with correlation coefficients higher than 0.90 were not included in 
the same model.  
3.8.3 External Validity Methods  
 
  To determine the representativeness of companies included in the study, WC 
claim rates for study companies were compared to all OBWC-insured companies by 
company size and NAICS code (claim rates were compared before applying the Barell 
matrix because the Barell matrix could be not be applied to all companies in Ohio). The 
NAICS code was truncated to 4 digits to improve the number of matches. The data were 
available for 2008, 2009, and 2010. Only 2008 data were analyzed because more data 
existed for 2008 than the other years. Companies were matched based on 4-digit 
NAICS code and company size category. Analyses were restricted to those companies 
with at least five or more companies with similar NAICS and company size 
characteristics. The variable of interest was claims rate (number of claims accepted 
during the year divided by the employee count). Each company was assigned a 
percentile based on its claims rate in comparison to the claim rate of its peers. Each 
percentile was placed into one of four quartiles or a zero claim rate group. A chi-square 
analysis was conducted to evaluate if the number of companies in each category 
differed from the expected value.  
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4 RESULTS 
 
There were 222 companies included in the study after reviewing 418 noise and 
252 chemical site visit reports. Of the 222 companies, 108 companies had at least one 
site visit to assess chemical exposure. Most of the companies were small to medium 
sized.  Company size for the 208 facilities with these data was as follows: 1 to 10 
(1.4%), 11-49 (29.2%), 50-249 (63.9%), 250-999 (4.8%), and 1000+ (0.5%) employees. 
The study companies represent the following sectors: manufacturing (81%), services 
(12.5%), and oil, agriculture, and mining (6.6%). The most common 3-digit NAICS 
codes were: 332 (n=45, fabricated metal products), 333 (n=21, machinery), 331 (n=20, 
primary metal), 336 (n=15, transportation equipment), and 326 (n=14, plastics and 
rubber products). Company size and industry type are provided in table 4.6.  Figure 4.1 
is a display of the number of company by year exposure results based on noise 
exposure site visits, chemical exposure site visits or both.  It can be seen that the 
number of company by year exposure results was reduced when both noise exposure 
and chemical exposure site visits were conducted in the same year. The number for 
company by year site visits available for analysis was 241, 162, and 80 for noise 
exposure, chemical exposure, and both, respectively. The smallest and largest 
companies had chemical exposure results but no measured noise exposure results.  
Average tenure and age of trauma claimants are shown in Table 4.1. 
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Table 4.1 Company Size Categories and Industry Codes 
Company Size Number of Companies (%) NAICS Codes 
1-10 3 (1.4) 238, 327, 423 
11-49 61 (29.3) 113, 221, 236, 321, 322, 
323, 325, 327, 331, 332, 
333, 335, 337, 339, 423, 
453, 561, 812 
50-249 133 (63.9) 212, 213, 236, 237, 238, 
311, 313, 322, 323, 325, 
326, 327, 331, 332, 333, 
334,335, 336, 337, 339 
423, 424, 562, 624,712, 
713, 811, 812 
250-999 10 (4.8) 332, 333, 335, 336, 339, 
541, 561, 611 
1000+ 1 (0.5) 336 
Total 208  
 
 
Figure 4.1 Number of Noise, Chemical, or Both by Company/Year and Number of 
Employees and Industry Sector 
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Table 4.2 Age and tenure of Claimants by Industry and Company Size 
Industry Company Size 
(Number of 
Employees) 
Company Average 
Tenure  
 
Company Average 
Age 
 
 N Mean Std 
Dev 
N Mean Std 
Dev 
Mining/ Constr  11-49 5 8.5 5.0 6 47.4 10.9 
Mining/ Constr  50-249 9 5.3 5.3 14 41.2 5.2 
Manufacturing 11-49 41 10.0 8.8 63 42.7 9.3 
Manufacturing 50-249 161 7.8 6.6 190 41.6 7.9 
Manufacturing 250-999 14 7.2 3.9 14 40.4 3.8 
Manufacturing 1000+ 2 3.6 1.2 2 36.1 0.4 
Services  1-10 1 1.1  2 41.0 17.0 
Services  11-49 6 6.1 5.6 8 44.8 7.5 
Services  50-249 19 7.2 4.9 20 40.9 5.9 
Services  250-999 6 5.8 3.2 6 39.6 7.1 
 
4.1 Noise Exposure 
 
There were 2,776 TWA noise sampling results from 222 companies in 418 site 
visit reports. Ninety (40.5%) companies (118 company by year combinations) had one 
or more personal noise TWA above the OSHA PEL (90 dBA). From one to 57 noise 
exposure measurements were made during the site visits with a mode of six 
measurements. 
For each site visit, data were collected about the hearing conservation program 
and use of hearing protection. Results are shown by number of site visits for each 
outcome in Table 4.2. Because of the low number of sites where use of hearing 
protection was documented, no further analyses were conducted on this variable. The 
specific type of hearing protector was recorded in 76% of the instances used. The type 
of noise dosimeter used in each site visit was reported and is provided in table 4.3.  
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Table 4.3 Hearing Conservation Programs and Wearing of Hearing Protection for Noise 
Exposure Site Visits 
HCP Mandatory Hearing Protection Worn 
 Number of 
Site Visits (%)  
Number by 
Company and 
Year (%)  
 Number of 
Site Visits (%) 
Yes 225 (53.8%) 197 (54.9%) Wore 32 (7.7%) 
No 107 (25.6%) 91 (25.3%) Some Wore 24 (5.8%) 
Not mentioned 86 (20.6%) 71 (19.8%)  Available 14 (3.6%) 
   None 25 (6.0%) 
   No mention 323 (76.9%) 
Total 418 359  418 
 
Table 4.4 Types and Frequency of Dosimeter 
Types of Dosimeter Frequency 
Quest 15 102 
Quest 15 and 200 33 
Quest 200 167 
Quest 15 and 100 15 
3M Edge Dual Threshold 1 
Personal Noise Dosimeter 23 
No Dosimeter Type Given 77 
 
4.2 Chemical Exposure Results 
 
There were 108 study companies that had a site visit to assess chemical 
exposures.  Industrial hygienists sampled for 132 analytes. These analytes are listed in 
Appendix C along with its CAS number, neurotoxic determination, major category (e.g., 
metals) and subcategory, (e.g., cadmium compounds). Most companies (56%) had only 
one chemical site visit during the five study years.  From one to 105 personal neurotoxic 
chemical sample measurements were taken during each site visit with a mode of four.  
There were 76 analytes determined to be neurotoxic. Appendix F lists each of the 
76 analytes and descriptive data including numbers of results recorded, range, average, 
geometric mean, and median. Sample results were above the OSHA limit for only ten 
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analytes with possible ototoxic or neurological effects (Table 4.4). Other notable results 
were that manganese does not have an OSHA PEL for comparison, but 90 of 200 
manganese sample results were above the ACGIH TLV. Manganese does have an 
OSHA Ceiling exposure limit but these sample results were for full-shift. 
Table 4.5 Analytes with values above the OSHA PEL 
Chem_Name CAS_Number 
Number 
of 
Results 
N > 
OSHA OSHA PEL 
Carbon tetrachloride 56-23-5 1 1 10 ppm 
n-Propyl alcohol  71-23-8 4 1 200 ppm 
Trichloroethylene 79-01-6 24 1 100 ppm 
Methyl ethyl ketone 78-93-3 54 2 200 ppm 
Iron oxide, dust and fume 1309-37-1 143 3 10 mg/m3 
Iron 7439-89-6 88 3 5 mg/m3 
Cobalt metal dust and fume 7440-48-4 95 3 0.1 mg/m3 
Nickel  7440-02-0 134 6 1 mg/m3 
Lead 7439-92-1 190 31 0.05 mg/m3 
Hexavalent Chromium 7440-47-3 96 14 0.005 mg/m3 
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Figure 4.2 Number of Company/Year Results for Each Level of Chemical by Count > 
OSHA PEL 
As shown in Figure 4.2, very few of the chemical site visit exposure results had 
chemical sampling results greater than the OSHA PEL.  When the chemical exposure 
was also evaluated with noise exposure the number of chemical results > OSHA PEL 
was further reduced. When considering these low numbers of chemical exposure > 
OSHA PEL, one must consider that they represent the chemicals in table 4.4.  Most 
chemicals in table 4.4 are metals that were sampled during welding operations. Another 
metric of chemical exposure, the count of chemicals for each company/year that were 
above any of the occupational exposure limits, had values from 0 to 27. 
Table 4.6 shows the study analytes with 20 or more sample results. Many 
sample results were from monitoring during welding operations.  
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Table 4.6 Ototoxic or CNS Depressant Analytes with More than 20 Samples Collected 
Chemical Name CAS_Number Number of 
Companies 
Number of 
Site Visits 
Number 
of 
Samples 
Manganese  7439-96-5 38 71 200 
Lead 7439-92-1 28 69 190 
Chromium metal 7440-47-3 24 43 152 
Iron oxide 1309-37-1 32 58 143 
Nickel  7440-02-0 24 48 134 
Copper 7440-50-8 26 43 109 
Cadmium dust 7440-43-9 17 37 109 
Hexavalent chromium 7440-47-3 26 47 96 
Cobalt metal  7440-48-4 11 27 95 
Iron 7439-89-6 19 31 88 
Zinc oxide 1314-13-2 21 37 86 
Toluene 108-88-3 22 32 82 
Aluminum  7429-90-5 13 20 69 
Xylene 1330-20-7 26 31 68 
Total volatile organic 
compounds None 15 23 63 
Methyl ethyl ketone 78-93-3 10 15 54 
Beryllium 7440-41-7 8 15 41 
n-Butyl acetate 123-86-4 13 16 34 
Molybdeum  7439-98-7 7 12 29 
Acetone 67-64-1 11 15 28 
Antimony 7440-36-0 5 10 27 
Trichlorethylene 79-01-6 7 10 24 
Cyclohexanone 108-94-1 3 5 24 
Caprolactam 105-60-2 1 4 23 
Carbon Monoxide 630-08-0 12 12 20 
Ethyl benzene 100-41-4 13 14 20 
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4.3 Claims Data Merged with Exposure Data 
 
Workers compensation claims were collected for the 222 companies for the five study 
years. Site visit exposure data were successfully matched to claims records for 208 
companies. The claims data were restricted to trauma using the Barrel matrix, each 
claim was evaluated. Ninety percent of claims were determined to be caused by 
trauma.. In Table 4.6 the trauma frequency by site and type of injury is shown. Open 
wounds and sprains and strains were the most common type of injury followed by 
superficial contusions. The body site of the injury was most often the extremities.  
Table 4.7 Trauma Frequency by Type of Injury and Site of Injury 
 
Type 
Site of Injury 
Missing Extremities Head 
& 
Neck 
Spine 
& 
Back 
Torso Unclassified Total 
Missing 736      736 
Amputation  18     18 
Burns  146 65  8  219 
Crushing  185     185 
Dislocation  56     56 
Fractures  409 10 8 27  454 
Internal 
Organs 
  32    32 
Nerves  17 1    18 
Open 
Wounds 
 1614 205  9  1828 
Sprains & 
Strains 
 1158  547 266 40 2011 
Superficial 
Contusions 
 890 353  113  1356 
System 
Wide 
     424 424 
Unspecified   6    6 
All  4493 672 555 423 464 7343 
 
Trauma claims for each company and year were counted. Claim counts and rate 
were available for 208 companies and 5 years, but noise and chemical exposures were 
only collected during some of the years. Therefore, the maximum number of 
56 
 
company/year cells available for analysis was 298 when using imputed noise exposure 
results and 241 when using measured noise exposure results. More company/year cells 
(360) were available when conducting analysis with industry code or company size 
without noise or chemical exposure results. Companies had trauma counts ranging from 
0 to 56 (mean 7.4) and rates from 0 to 0.5 (mean 0.07) claims per employee. There 
were no trauma claims for 36 company/year cells (12%). The 88% of companies with 
trauma claims had a mean count of 8.4 claims and a claims rate of 0.08 claims per 
employee. 
4.4 Noise Exposure Imputation Results 
 
Using simple regression, equations are shown here for imputing OSHA PEL: 
OSHA PEL = -47.2139 + 0.88 (OSHA AL) + 0.57 (NIOSH REL) [R2 = 0.8607, n=477] 
OSHA PEL = -31.80284 + 1.30786 (OSHA AL)   [R2 = 0.8267, n=1780] 
OSHA PEL = -45.0549 + 1.39104 (NIOSH REL)   [R2 = 0.7543, n=478] 
Figure 4.3 shows the relationship between the measured values of the OSHA PEL and 
OSHA AL. The coefficient of determination (R2 = 0.8267) accounted for a large 
proportion of the variation between the two values. Because the noise dosimeter 
measured sound pressure between 80 and 90 decibels differently for the reported 
matrices, the variability is much greater below 90 dBA. Of 2730 noise measurements, 
29.6% of the OSHA PEL noise exposure values were imputed. The three equations 
were used to impute 177, 628, and 2 values, respectively.  
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There were five imputations computed using MICE. Figure 4.4 shows a graph of 
the MICE imputed values for the OSHA PEL calculation from the reported OSHA AL 
calculation. Figure 4.5 shows the density of the OSHA AL measurements for where 
there was a OSHA PEL value (red) and those without (blue). The graphs are similar but 
those with missing OSHA PEL values have a mode that is slightly higher. 
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Figure 4.5 Density of OSHA AL for Measured and Missing OSHA PEL Values 
 
The five MICE data regression equations resulted in the values in Table 4.8. 
Those values were similar to those using linear regression. 
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Table 4.8 Regression Coefficients for MICE imputed data 
 Intercept OSHA AL calculation 
coefficient 
NIOSH calculation 
coefficient 
MICE1 -47.1866 0.8249 0.6328 
MICE2 -46.0187 0.8635 0.5826 
MICE3 -47.1951 0.8310 0.6274 
MICE4 -46.9883 0.8634 0.5944 
MICE5 -46.0600 0.8360 0.6099 
Pooled -46.6897 0.8437 0.6094 
 
The 2730 data points were collapsed to company/year by summing counts and 
averaging noise exposures. Both simple regression and MICE imputation resulted in 
only seven or fewer increases (of 365 company/year combinations) to the variable, 
results from missing to a value for inclusion in the analyses.count > OSHA PEL for 
noise exposure. It changed 62 company/year noise exposure results from missing to a 
value for inclusion in the analyses. The results for the company size of 1 to 10 
employees included imputed values only, therefore, this company size was removed 
from further analyses. 
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4.5 Measures of Association Results 
 
The noise exposure imputed and measured values were highly correlated (r>0.9, 
p<0.05). The following variables were moderately correlated: average noise exposure 
with noise exposure count > OSHA PEL (r>0.5449, p<0.0001) and having a hearing 
conservation program with average noise exposure (r=0.2252, p<0.0001) and with 
noise exposure count>OSHA PEL (r=0.1133, p=0.0477). Tenure, employee count, and 
chemical exposure variables were not correlated with the noise exposure variables. 
Initial analyses were conducted with one independent variable (univariate) in the 
model (table 4.9). These variables were significant predictors of the trauma claims rate 
were:  measured average noise exposure, MICE imputed average noise level, noise 
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exposure count > OSHA PEL (observed and imputed), chemical exposure result count 
> OSHA PEL, and company size category. The following variables were not significantly 
(p>0.05) related to trauma claims rate: HCP, tenure, and industry. There were too many 
(34) 3-digit NAICS codes to include this variable in the analysis. Therefore, a new 
variable was created called, industry, with three levels: manufacturing (NAICS 31, 32, 
and 33), oil, agriculture and construction (NAICS =21, 22, 23) and services or other 
(NAICS 42, 54, 56, 51, 62, 71, 81). Some analyses were done with two-digit NAICS 
codes. There was little difference in the univariate parameter estimates between the 
imputed results and observed results except that the MICE imputed values provided 
were higher in number.  
Table 4.9 Exposure Variables Univariate Association with Trauma Claims Rate 
Noise variable N company 
/year 
Estimate p value 
Avg Noise Exposure, Measured 241 0.0241 0.0010 
Avg Noise Imputed pooled MICE 296 0.0267 0.0004 
Count Noise > OSHA PEL, Measured 241 0.0646 0.0268 
Count Samples > OSHA PEL, 
imputed pooled MICE 
296 0.0628 0.0164 
Chemical count ≥ OSHA PEL 171 0.1015 0.0481 
Chemical count ≥ any OEL 174 0.0348 0.0151 
Chemical count ≥ OSHA & Other 174 0.1003 0.0031 
Industry      
             Oil, Ag, Construction (22)          
             Manufacturing         (305) 
             Service/Other            (36) 
363  
-0.2162 
0.0027 
0 (ref) 
 
0.5195 
0.9895 
Company Size  
                         (11-49)           (92) 
                         (50-249)       (252) 
                         (250-999)       (19)  
363  
0.2532 
0.2160 
0 (ref) 
 
 
0.2160 
0.2730 
 
HCP Yes                               (195) 
         No or No mention         (168) 
363 0.2331 
0 (ref) 
0.0632 
Average Tenure 261 0  0.8320 
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4.5.1 Noise Exposure Association with Trauma Claims Rate 
 
In Table 4.10 results are shown using noise exposure data from the pooled MICE 
imputed values for average noise exposure. With industry, company size, and HCP in 
the model, noise is significantly associated with trauma claim rate. Analyses using the 
variable Noise Count > OSHA PEL were similar with average noise exposure (estimate 
= 0.0630 (p=0.0201) and 95% confidence interval of 0.010 to 0.116) except the HCP 
estimate was significantly related to trauma claims (0.2581, p=0.0311). When using only 
the measured values of average noise or Noise Count > OSHA PEL, the results were 
also similar to those shown in Table 4.10 (measured Average Noise Exposure had an 
estimate of 0.0240 (0.0104-0.0377) while measured Noise Count > OSHA PEL had an 
estimate of 0.0652 (0.0072 to 0.1233)). Company size was not predictive of trauma 
claims rates. A hearing conservation program (HCP) only predicted trauma claim rates 
when the noise count>OSHA PEL variable was in the model likely because HCP was 
less correlated with noise count>OSHA PEL (r=0.11) than with average noise exposure 
(r=0.22). Industry was not a significant predictor of trauma claim rates. However, the 
service industry group is approaching significance (p=0.0495) in the model shown in 
Table 4.10 and is significant in the analyses using measured noise exposure data. The 
relative risk of a one decibel increase in noise exposure is 1.026 (95% confidence 
1.0115 to 1.0410).   
  
63 
 
Table 4.10 Noise Exposure Variables Association with Trauma Claims Rate 
Parameter (n) N Estimate (95% CI) 
Intercept  -5.38 (-6.74 to -4.015) 
Average Noise Exposure  
(imputed)  
296 
0.0258 (0.012 to 0.040) 
Company Size                           
         11-49                             79 0.259 (-0.213, 0.730)  
         50-249                           199 0.210 (-0.224, 0.644 ) 
         250-999                         18 0 (ref) 
Industry   
        Manufacturing               245 0.333 (-0.093 to 0.763) 
        Service/Other            32 0.535 (0.001 to 1.068) 
        Oil, Ag, Constr 19 0 (ref) 
Hearing Conservation 
Program 
 
 
        Yes  168 0.189 (-0.031, 0.410) 
        No or no mention 128 0 (ref) 
Model 1:  Trauma Rate = intercept + average noise + Company Size + 
Industry + HCP 
Red – significant at p=0.05. 
 
4.5.2 Chemical Exposure Association with Trauma Claims Rate 
 
Models in Table 4.11 are using chemical exposure variables to determine if there 
is an association with trauma claim rate without including noise exposure. The 
univariate analysis (table 4.9) resulted in an association between chemical count > 
OSHA PEL and trauma claim rate. When company size and industry were added to the 
model (Table 4.11), chemical count > OSHA PEL is no longer significant.  When 
chemical count > any exposure limit is used instead of chemical count > OSHA PEL, 
that measure of chemical exposure is significantly related with trauma claims rate (table 
4.11, model 2).  
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Table 4.11 Chemical Exposure Variables Association with Trauma Claims Rate 
Parameter                                    Estimate (p value) 
 (n) Model 1* (n) Model 2 ** 
Intercept  -2.8920 (p<0.0001)  -3.0229 (p<0.0001) 
Chemical Count > OSHA 
PEL 
Chemical Count > any OEL 
171 0.0903 (p=0.0794)  
174 
 
0.0908 (p=0.0046) 
Company Size  
      11-49 
      50-249 
      250-999                                   
 
38 
125 
8
 
0.4400 (p=0.1742) 
0.3151 (p=0.3176)  
0 (ref) 
 
38 
128 
8 
 
0.3266 (p=0.3058) 
0.2312 (p=0.4517) 
0 (ref) 
Industry  
      Manufacturing 
      Oil, Ag, Constr 
      Service/Other   
 
156 
6 
9 
 
-0.2005 (p=0.2744) 
-0.6045 (p=0.0301) 
0 (ref) 
 
159 
6 
9 
 
-0.0531 (p=0.8299) 
-0.3872 (p=0.2317) 
0 (ref) 
Red – significant at p=0.05. 
*Model 1 uses chemical count > OSHA PEL 
**Model 2 uses chemical count > any OEL. 
 
4.5.3 Noise and Chemical Exposure Association with Trauma Claims Rate 
 
The model in table 4.12 includes the chemical exposure variable (chemical 
count>OSHA PEL) and a noise exposure variable. When chemical exposure is in the 
model with a noise exposure variable and other company variables, the number of 
company/year cells decreases to 104. When the chemical and noise exposure data 
were in the model, average noise exposure was a significant predictor of trauma claims 
and chemical exposure was not a predictor of trauma claims rate. Measured noise 
average exposure results were similar (data not shown, n=85, Chemical Count > OSHA 
PEL estimate = 0.0761, p=0.5081).  
Additional analyses were conducted using an interaction term for noise and 
chemical exposures (average noise exposure * chemical count > OSHA PEL). When 
the interaction term was added, average noise exposure (imputed) was statistically 
related to trauma claims rate (n=104, estimate = 0.0365, p=0.0018), chemical count > 
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OSHA (estimate = 0.6455, p=0.5515) and the interaction term was not statistically 
related (estimate=-0.0080, p=0.5450). When conducting the same analysis with 
measured noise results, average noise exposure was statistically related to trauma 
claims rate (n=85, estimate = 0.0400, p<0.0001), but chemical count > OSHA (estimate 
= 2.0422, p=0.0686) and the interaction term (estimate=-0.0248, p=0.0726) were 
related (at the p=0.1 level) to trauma claims rate.  
When including the interaction term and restricting company size to only those 
with 11 to 249 employees, average noise exposure (imputed) was statistically related to 
trauma claims rate (n=97, estimate = 0.0411, p=0.0002), but it was not statistically 
significant for the other two terms [chemical count > OSHA (estimate = 0.9851, 
p=0.3431) and the interaction term (estimate=-0.0125, p=0.3244)]. For the same 
analysis using measured noise exposure results, all three variables were statically 
related to trauma claims [average noise exposure (n=74, estimate = 0.0415, p<0.0001), 
chemical count > OSHA (estimate = 2.270, p=0.0210) and the interaction (estimate=-
0.0279, p=0.0212)] as well as company size (11-49 employees, estimate 0.4797, 
p=0.0076). 
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Table 4.12 Noise & Chemical Exposure Variables Association with Trauma Claims Rate 
Parameter (n) N Estimate (95% CI) 
Intercept  -5.90 (-7.80 to -4.00) 
Average Noise Exposure  
(imputed)  
104 
0.034 (0.012 to 0.056) 
Chemical Count > OSHA 
PEL 
104 
0.013 (-0.224 to 0.250) 
Company Size                           
         11-49                             25 0.732 (-0.063, 1.53)  
         50-249                           72 0.479 (-0.244, 1.202 ) 
         250-999                         7 0 (ref) 
Industry   
        Manufacturing               96 0.008 (-0.759 to 0.774) 
        Service/Other            5 0.140 (-0.747 to 1.037) 
        Oil, Ag, Constr 3 0 (ref) 
Hearing Conservation 
Program 
 
 
        Yes  57 0.129 (-0.260, 0.518) 
        No or no mention 47 0 (ref) 
Red – significant at p=0.05. 
 
Noise exposure models (table 4.10) show that there is a consistently significant 
association for the average noise exposure level with trauma claims rate. 
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Figure 4.7 Average Noise Exposure compared to Trauma Claim Rate 
 
Figure 4.7 is the relation between average noise exposure and trauma claim rate. 
The regression line was graphed using the exponential value of trauma claim rate.  
Additional analysis was conducted to determine relative risk by category of 
company exposure level. Relative Risk was computed when categorizing company/year 
cells into four and two average noise exposure categories (Table 4.13 and Table 4.14). 
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Table 4.13 Relative Risk for Trauma Claims in association with Noise Levels 
Average Noise 
Exposure 
(imputed) 
n RR 95% confidence P value 
≥ 90 dBA 15 1.6437 0.8750 - 3.0882 .1224 
85 to <90 dBA 35 1.3433 1.0599 - 1.7023 .0146 
80 to <85 dBA 52 1.1820 0.8083 - 1.7282 .3884 
<80 dBA 194 1   
*Model is adjusted for industry, company size, and hearing conservation program.  
Uses imputed data 
*Calculated with 5 dB exchange rate 
   
Table 4.14 Relative Risk for Trauma Claims in association with Noise Levels Greater 
than 85 dBA 
Average Noise 
Exposure 
*(imputed) 
n RR 95% confidence P value 
≥ 85 dBA 50 1.451 1.0625 – 1.9819 0.0193 
<85 dBA 246    
*Model is adjusted for industry, company size, and hearing conservation program.  
Uses imputed data. 
*Calculated with 5 dB exchange rate 
 
The relative risk of a trauma claim when the company noise exposure is between 85 
and 90 dBA is 1.4463 (table 4.5) compared to companies with average exposure less 
than 80 dBA. When using just two categories (Table 4.6), the relative risk of trauma 
claim was 1.451 when average company exposure was greater than 85 dBA compared 
to those companies with average exposure less than 85 dBA.  
4.6 Consultation Report Quality Assessment 
 
Of 418 noise monitoring site visits, the reports for 7% did not include adequate 
sampling time and 34% did not provide calibration. Fifteen site visits (4%) had a quality 
control score of zero, 142 (34%) had a score of one and 261 (62%) had a score of two 
for the noise site visits. Of 252 chemical site visits, 21% reported inadequate sampling 
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time and 11% did not report calibration. Eight site visits (3%) had a quality score of zero, 
64 (25%) had a score of one and 180 (71%) had a score of two for the chemical site 
visit. Often sampling time was not visible because of the way the site visit report was 
scanned.  
4.7 External Validity Results 
 
Companies were compared with other similar companies in Ohio (by NAICS and 
company size) to determine if the companies included in this study were representative 
of Ohio companies of their size and industry. There were 201 companies available for 
this analysis but fewer could be compared to similar companies. Table 4.14 shows a 
summary of the rank of the companies of interest among their matched peers. When 
comparing the study companies to all companies in Ohio, it can be seen that the study 
companies are not a representative sample of all companies in Ohio. There are fewer 
companies than expected with zero or low (<25 percentile) claims rate and more 
companies with high (>75 percentile) claims rate. An additional analysis was done 
matching companies to other companies that had been visited by the OBWC industrial 
hygiene or safety consultation during the year. When compared to similar Ohio 
companies that had been visited by the OBWC during the year, the results show that 
the study companies have very similar claim rates.  
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Table 4.15 Company claim-rate compared to like companies in Ohio by Quadrant 
Matching by Size Categories 
 
All Companies  
> 5 matches    
> 1 Visit  
> 5 matches   
Variable   N Obs Exp Pvalue         N Obs Exp Pvalue  
0 rate 191 19 34.68 0.002     173 16 22.28 0.687  
qt1  32 39.08   37 37.68   
qt2  38 39.08   41 37.68   
qt3  46 39.08   39 37.68   
qt4  56 39.08   40 37.68   
qt = quadrant,  
0 rate –companies with the zero claim rate 
Obs – observed number of companies 
Exp – expected number of companies 
 
 
5 DISCUSSION AND CONCLUSIONS  
 
Reliability of exposure measures was quantified to assess quality measures.  
Calibration and sampling time were used to create a quality score. Most reports (62 and 
71% for noise and chemical sampling, respectively) had the highest quality rating.  
Quality of the reports was considered high.  
To determine the representativeness of companies included in the study, WC 
claim rates for study companies were compared with five similar OBWC-insured 
companies by company size and NAICS code. When compared to non-study 
companies in Ohio, study companies were shown to have a significantly higher claims 
rates. However, when comparison companies were restricted to those with an OBWC 
site visit, study companies were shown to be very similar to those Ohio companies of 
the same size and industry. Considering a company must have a consultation visit to be 
included in the study, the study companies are representative of companies with a 
consultation visit. However, there appears to be a participation bias because claim rates 
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differ between those companies with and without a consultation visit. One study 
reported that only 2.1% of companies participated in the consultation program for 1991-
1995 (Akbar-Khanzadeh and Brossia 2000). Although one would expect a site visit to 
reduce claim rates, the assistance could be a response to recent injuries. One study 
(Nave and Veltri 2004) reported that the insurance loss control reported claim rate was 
reduced for companies assigned a loss control consultant for two years, but medical 
only and loss ratio were not reduced. 
This study analysis resulted in a relative risk of 1.45 for greater trauma claims 
rate for companies with an average noise exposure greater than 85 dBA when adjusted 
for industry, company size, and an HCP. The relationship between company average 
noise exposure and trauma claim rate was statistically significantly in all models. When 
companies had a chemical exposure measurement greater than the OSHA PEL, a 
relationship with trauma claims existed (p=0.09) but was not statistically significant 
when adjusting for company size and industry. However, companies with chemical 
exposures levels greater than any occupational exposure limit were statistically related 
to the company trauma claim rate (p=0.04). Few companies (n=25 or 16%) had any 
chemical exposures above the OSHA PEL. When both noise and chemical exposures 
were evaluated, average noise exposure was still significantly related to trauma claims. 
Chemicals exposure above the OSHA PEL and the noise/chemical interaction were 
significantly related to trauma claims in models with company size less than 250 
employees.   
Some past studies have reported a relationship for noise exposure and 
accidents, recordable injuries or workers compensation claims. Only one study 
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analyzed results on a company level (Yoon, Hong, et al 2015). The Yoon study found 
an OR of 3.68 for companies with median exposure >90 dBA compared to those <80 
dBA but evaluated all companies insured and did not adjust for type of industry. It would 
be expected that companies with greater noise exposure would have a greater degree 
of mechanization and other hazards likely resulting in greater injury rates. The current 
study only included facilities could probably be expected to be out of compliance with 
noise exposures, e.g., no office workers, and the industry category was collected and 
adjusted in the statistical analysis. The relative risk for Ohio of 1.45 compares well with 
others studies, Amjad-Sardrudi, Dormohammadi et al (2012) reported a RR of 1.52 and 
Cantley, Galusha, et.al. (2015) reported 1.34 for similar exposures.  
The finding of relative risk of 1.64, 1.34, and 1.18 for exposures categories of 
>90, 85 to 90, and 80 to 85, respectively compared to <80 dBA indicates an exposure-
response relationship between noise and trauma claims on a company level. Although 
the reason for the increased risk of injury with higher average noise exposure is not 
identified here, it is recommended that the Ohio Bureau of Workers Compensation 
provide a safety consultation to companies with elevated noise exposures, 
concentrating on the noise-exposed workers.  
Average trauma claim rate in the Ohio data increased exponentially (figure 4.7) 
with noise exposure. One study (Cantley 2015) included four categories of noise 
exposure (from <82 to >88 dBA) and showed that OR for serious injury was much 
higher in the highest category compared to the second highest. A similar increase was 
reported by Dias and Cordeiro (2007) with an OR of 2.29 for the highest noise category 
compared to 1.6 and 1.3 for the medium and low noise categories.  
73 
 
Company size could be related to noise exposure and injury (Okun, Lentz et al. 
2001). It was expected that company size and industry would be significantly related to 
trauma claims rate. As a univariate company size was a significant predictor of trauma 
claim rate for all company sizes. However, when including other factors in the model, 
companies with 11 to 49 employees sometimes resulted in significantly higher trauma 
claim rates. Noise and chemical exposures measured at the site visits were more 
reflective of exposures of the entire company for the smaller companies because a 
larger percentage of those employees had measured exposures.  
Industry classification is a potential confounder because it is related to both noise 
exposures and risk of injury. Companies that are highly mechanized are likely to have 
higher noise levels and are more likely to have injuries. Three industry categories were 
used in this study but found not to be significantly related to trauma claim rate in 
univariate analyses. One analysis that included average noise exposure, company size 
category, industry, and HCP resulted in the service companies were significantly greater 
than other the oil/construction/agriculture companies. It was not expected for the 
services category to have greater claim rate other categories, but the companies visited 
were services with hazards and automation, e.g., repairing products, painting products, 
and waste management. 
Mandated PPE policies and use and availability of PPE could be related to WC 
injury claims rate and were considered in the analyses. Hearing protection reduces a 
worker’s exposure to noise but could require increased diligence for communication. In 
this study, a company was categorized as having an HCP program if it was reported in 
the site visit report. Companies with an HCP were not significantly more likely to have 
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trauma claims. It would be expected that a HCP would only be in place in the higher 
exposure facilities, but those facilities would provide better hearing protection devices 
and monitor employees for use and hearing loss. Average noise exposure was slightly 
correlated with HCP. One model showed that companies having an HCP had 
significantly higher trauma claims rate when the noise exposure variable was Noise 
Count > OSHA PEL. 
Hearing loss was not possible to evaluate in this study, but hearing loss is also 
related to accidents (Zwerling, Sprince et al. 1996, Viljoen, Nie et al. 2006, Ide 2007, 
Picard, Girard et al. 2008, Picard, Girard et al. 2008, Amjad-Sardrudi, Dormohammadi 
et al. 2012, Cantley, Galusha et al. 2015). When study companies have elevated 
average noise exposures and do not having an HCP, hearing loss could result. Morata 
and colleagues collected worker’s perceptions about working in a noisy environment 
and found potential job safety challenges for noise exposed workers (Morata, Themann 
et al. 2005). Therefore, engineering controls should be put in place to reduce noise 
exposure in these companies to protect their workers from hearing loss.  
More experienced workers have fewer injuries than new hires (Melamed, Fried et 
al. 2004, Kling, Demers et al. 2012). Company average tenure provided information for 
experience at the company. However, tenure was only available for the claimants, so 
company average tenure reflected only companies who experiences a trauma claim. 
Analysis of tenure did not show any relationship with trauma claim rate.  A better 
measure of tenure would include all workers instead of just those with a trauma claim. 
Tenure could not be explained in this dataset. 
Researchers from the National Institute for Occupational Safety and Health 
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(Bertke, Meyers et al. 2012) evaluated Ohio WC claims using the Barell method for all 
companies in certain industries and an auto-coding algorithm. The matrix was also 
collapsed by nature of injury and body region. Clark (Clark and Ahmad 2006) used the 
Barell matrix to determine injury severity of hospital inpatients. Aharonson-Daniel 
(Aharonson-Daniel, Boyko et al. 2003) used the Barell matrix to profile the severity of 
patients that have multiple injuries. The method appeared to work well with these data 
and resulted in identifying 90% of the claims as trauma claims. 
 Noise exposure data were provided using any of three calculations making 
entering and comparing data difficult. Reports were not systematic in how these three 
measures were reported. Standardization would make these reports easier to extract, 
use for research and for OBWC to make comparisons. Nonetheless, once these data 
were systematically entered having noise data for a wide variety of industries and job 
classifications was useful for this evaluation. The chemical exposure site visit reports 
also presented information in a variety of ways making data were difficult to extract. But 
once extracted the data can be used in a large variety of ways, e.g. determining 
chemicals used at facilities or by occupations.  Both of these types of reports could be 
improved by standardization in the presentation of the results especially for common 
tasks and contaminants, e.g. welding. Chemical name and job title should include a 
standardized code to assist in tracking a company over time and for conducting 
research.  
 Some site visit reports were entered into the database only to discover that the 
company could not be matched to claims data.  A method to determine if the company 
could be matched to the claims data should be created to avoid the tedious entry of site 
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visit reports that are ultimately unused. Also, it should be determined why the mismatch 
exists in a portion of companies.  
5.1 Significance of Findings 
 
Average noise exposure was significantly related to trauma claim rate by 
company while adjusting for chemical exposure, industry, company size, and HCP. This 
study adds to the growing literature on the subject. Although company management 
would expect greater hearing loss with greater noise levels, company management 
does not necessarily consider noise to be a risk factor for injuries in the workplace. This 
study showed that an exposure-response relationship between company average noise 
exposure and trauma claims. This study gives impetus for company health and safety 
personnel to evaluate sources of noise, the hearing of noise-exposed workers, reduce 
those worker noise exposures, and evaluate and reduce their safety hazards, thereby 
reducing trauma and trauma claims.  
5.2 Limitations 
 
Tenure of company employees was not captured in this study. Company average 
tenure for claimants was available. Knowledge of the tenure of all employees at a 
company would be more useful to adjust for companies with a shorter tenure workforce, 
e.g. newer companies or those with greater turnover. 
 Conducting the analyses on a company level meant that the noise exposure 
measured at the facility was applied to the entire company for that year. This limitation 
was reduced by restricting study companies to those with only one location. However, 
the larger facilities likely had areas of the company that did not reflect the noise or 
chemical exposures measured. Typically, from 2 to 20 noise or chemical exposure 
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measurements were made during a site visit. Therefore, applying exposures company-
wide likely leads to misclassification. Therefore, further analysis could be limited to 
smaller company sizes. 
The independent variable for chemical exposure used in this study did not have 
the variability that was needed to distinguish companies because there were few results 
at companies with chemical exposures above the OSHA PEL (16%). The chemical 
exposure measure was also limited because only neurotoxic chemicals were included.  
Whereas, the average noise exposure variable was a better measure, a similar variable 
is needed for chemical exposures. Because there were so many different chemicals 
included, a variable such as percentage of the OEL should be created and averaged by 
company/year to give a more robust chemical exposure measure.  
The hearing protective device information was limited and could not be included 
in the analyses. More uniform capture and evaluation of HCP could improve the 
usefulness. 
5.3 Conclusions  
 
 When conducting analyses on a company level, average noise exposure was 
significantly related to company trauma claim rate while adjusting for industry, company 
size, and HCP. Neurotoxic chemical exposures above the OSHA PEL were also shown 
to be related to trauma claims rate when adjusting for industry, company size, and HCP.  
Noise was still significantly related to trauma claims when chemical exposure was 
included in the analysis. Chemical exposure was related to trauma claims when noise 
exposure was included in the analysis when company size was limited to those with 
less than 250 employees.  
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The OBWC should consider providing safety audits to companies with elevated 
noise and neurotoxic exposures. This would provide an opportunity to prevent injuries 
among those most at risk. 
5.4 Areas for Further Research 
 
Further research should be conducted to determine specific factors contributing 
to the relationship between noise exposure and trauma. The research should focus on 
communication practices, responses to warnings, leading indicators for health and 
safety programs, or stress from noise. A study of effective communication at the 85 to 
90 dBA exposure level may improve the interpretation of the findings from this study 
lead to changes in safety practice.  
Additional research using these collected data could focus on associations 
between noise or chemical exposures and particular types of WC claims or the body 
site of injury or type of injury. Industry-specific analyses of these data could help to 
further determine noise or chemical exposure levels associated with injuries possibly 
resulting in industry-specific recommendations. Data were most abundant for the 
companies in manufacturing sector with 50 to 249 employees. Further analyses could 
be performed with data from this study. Additional analyses of this existing dataset 
should be conducted with another variable to measure chemical exposure.  
The OBWC site visit reports have evaluated data on chemical exposure that 
could be analyzed individually and evaluated for associations with the WC claims.  
Chemical exposures not evaluated here, but sampled frequently include silica, total 
particulates and respirable particulate matter.   
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A next step following this research is to communicate these findings to workplace 
managers and workers. These findings could be disseminated through layman 
documents, websites, or social media.  
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Appendix A:  Literature Review Table of Noise Exposure Relationship to Accidents 
 
No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
(Amjad-
Sardrudi, 
Dormoha
mmadi et 
al. 2012) 
Estimate 
the 
associati
on 
between 
occupati
onal 
injuries 
and 
noise 
exposure 
as well 
as 
hearing 
loss 
Cross-
sectional 
study 
I, O, R 
Conducted 
in 2008 & 
2009 in 
1062 
workers in a 
tractor 
manufacturi
ng plant in 
Iran, 392 
exposed to 
noise 
Measured 
exposure to 85 
dBA or more 
was 
considered 
exposed, 
hearing loss 
was 
determined by 
audiogram 
Physical 
occupational 
injuries were 
the outcome 
extracted 
from worker’s 
medical 
records 
Noise exposed 
group had a 
1.52 fold 
increased risk of 
injury compared 
to unexposed. 
Those with 
partial, mild, or 
moderate 
hearing loss had 
a 1.72, 7.87, 
and 4.58 risk of 
injury, 
respectively.  
Study 
controlled for 
age and work 
experience, 
they were not 
able to 
control or 
assess work 
content which 
could 
determine 
workplace 
risk of injury. 
(Barreto, 
Swerdlow 
et al. 
1997) 
Determin
ing 
exposure
s 
resulting 
in work-
related 
accident
s 
Nested 
case-control 
study 
I, R, E 
Brazilian 
steel 
workers 
37 fatalities 
and 140 
controls 
Company 
records to 
develop a 
hazard score 
which included 
noise, heat, 
dust, and gas 
exposure.  
High noise was 
> 95 dBA, low 
Fatal work-
related 
injuries were 
cases and 
four surviving 
workers were 
control 
population. 
Noise exposure 
affected 89% of 
cases and 64% 
of controls with 
an increasing 
trend for 
increased sound 
level but risk 
was greater for 
moderate sound 
Less seniority 
resulted in 
higher risk. A 
hazard score 
consisting of 
noise, heat, 
dust, and 
gases was 
very 
significant 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
noise <90 dBA.  
Placed by 
industrial 
hygiene 
experience. 
(OR of 5.72) 
compared to 
high.  
with an OR of 
19.44 for all 
4. Inherent 
physical risks, 
e.g. sharp 
objects, 
vehicles, 
equipment 
operation 
were not 
assessed.   
(Cantley, 
Galusha 
et al. 
2015) 
To 
determin
e if noise 
exposure 
and 
hearing 
loss are 
related 
to minor 
and 
serious 
workplac
e 
accident
s 
Cross-
sectional 
retrospectiv
e study 
I 
9,220 
Aluminum 
manufacturi
ng workers, 
33,300 
person-
years, 2003-
08, with 
audiograms, 
noise 
exposure, 
and physical 
demand job 
rating 
Noise 
exposure from 
company 
records for 
each job held 
<82 dB 
82.84.9 dB 
85-87.9 dB 
≥88 dB 
Company 
audiogram 
records 
<10 dB HL 
10-24.9 dB HL 
≥25 dB HL 
Company 
acute 
accident 
reports 
including 
minor first aid 
to serious 
injuries.  
Separate 
analysis for 
all injuries 
and serious 
injuries 
Ambient noise 
exposure 
impacts injury 
risk including 
moderate and 
low level noise.  
Workers with 
hearing loss 
may be a 
greater risk for 
injury 
associated with 
ambient noise.  
Controlled for 
covariates: 
physical 
workload, 
age, sex, 
race, tenure, 
hearing 
protective 
devices. 
Tenure 
predicted 
injury risk but 
not serious 
injury risk. A 
separate 
smaller 
analysis was 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
done looking 
at overtime, 
and did not 
differ.  
Limitations: 
HPD fit and 
usage. 
(Clausen, 
Christens
en et al. 
2009) 
To 
determin
e if noise 
exposure 
is related 
to 
sickness 
absence 
Cohort 
study, 
registry data 
from the 
Danish 
survey 
which is a 
random 
sample of 
people living 
in Denmark 
R 
5,186 
Danish 
workers 
between 18 
and 69 
years & 
employed 
for 2 
months, 
baseline 
interview in 
2000 with 
followup 
through 
June 2002 
Self-reported 
noise exposure 
with all the 
time, ¾ time, 
½ time, rarely 
or never. 
Long-term 
sickness 
absence as 
determined 
by national 
register with 
2 or more 
weeks of 
sickness 
absence, 900 
people were 
absent more 
than 2 weeks 
Women had 
HR=38% for 
noise ¾ of time 
when adjusting 
for 
demographics 
and health 
behavior, but 
when adding 
self-reported 
physical work, 
noise was not 
significant.  Men 
showed 53%, 
107%, and 61% 
for ¾, ¼, or 
rarely exposed. 
HR was 37% 
when adding 
physical 
workload.  
This study 
added 
physical 
workload to 
the model to 
get risk of the 
job. For men, 
noise was still 
significant. 
Self-reported 
noise 
exposure 
may be 
person 
dependent, 
e.g., teachers 
may consider 
noise a high 
but have low 
levels 
compared to 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
manufacturin
g plants. 
(Cohen 
1973) 
occupati
onal 
noise 
exposure
s 
relations
hip with 
other 
problems  
Cross-
sectional 
retrospectiv
e study 
I 
500 workers 
in each high 
and low 
noise jobs 
over 5 y.  
Pressure 
boiler and 
electronic 
missile and 
weapons 
plants  
High noise 
exposure 
(above 95 
dBA) and low 
noise (below 
80 dBA), 
determined by 
noise 
measurements 
Medical, 
attendance, 
and accident 
files from 
companies 
 
At the pressure 
boiler, the high 
noise group 
shows clear 
increase in 
accidents, 
diseases, and 
absences 
compared to low 
noise. 
Differences 
were also 
statistically 
significant but 
less dramatic for 
the missile plant 
Younger and 
less 
experienced 
workers in 
high noise 
jobs had 
more 
outcomes. 
Included 
respiratory 
diseases and 
hoarseness 
was found 
significant in 
high noise. 
Inherent job 
risk was not 
assessed.  
Jobs with 
similar titles 
were 
compared, 
e.g. 
“foreman” 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
and high 
noise was 
higher.  But 
job titles 
varied. 
(d'Errico 
and 
Costa 
2012) 
Investiga
te the 
determin
ants of 
sickness 
absence 
Cross-
sectional 
survey of 
representati
ve sample of 
the general 
population 
R 
60,000 
Italian 
workers 
participated 
in a national 
survey 
Questionnaire 
including 
socio-
demographics, 
employment 
characteristics 
and exposure.  
Workplace 
characteristics 
were assessed 
by yes/no 
questions for 
noise or 
vibration, dust, 
gasses, vapor, 
fumes, or 
chemicals. 
Asked if they 
had sickness 
absence 
during the 
previous 
week 
Noise and 
vibration had an 
age-adjusted 
OR of 2.07 (for 
men).  When 
“risk of injury” 
was in the 
model, noise 
was still 
statistically 
significant with 
an OR of 1.36 
(for men). OR 
for noise for 
women was 
2.43 but was 
dropped when 
“risk of injury” 
was included 
This study 
also included 
a worker’s 
perception of 
risk of injury, 
for men, 
when risk of 
injury was 
included, 
noise was still 
a predictor of 
workplace 
absence.  
(Dias and 
Cordeiro 
2007) 
Determin
e fraction 
of 
accident
Hospital-
based case-
control study 
R, E 
Brazilian 
hospital, 600 
cases 
seeking 
Subjects were 
asked the 
intensity of 
their workplace 
Dichotomous 
variable of 
having a 
work-place 
OR for accident 
if medium or 
high intensity 
noise was 1.630 
OR was used 
to estimate 
RR because 
cases 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
s 
attributa
ble to 
workplac
e noise 
exposure 
medical care 
for work-
related 
injury, 822 
controls 
seeking 
other care in 
2004 
noise exposure 
in 4 categories:  
none, low, 
medium, and 
high 
accident, 
controlled for 
occupational 
group, 
schooling, 
sex, age 
and 2.294, 
respectively. 
30.4% was the 
attricutable 
fraction for work 
accidents being 
attributed to 
occupational 
noise exposure 
occurred at a 
rate of 3.3%,  
Other 
occupational 
risks could be 
present or 
more likely in 
the noisy 
environments
, but study 
controlled for 
major 
occupational 
group. 
(Dias and 
Cordeiro 
2008) 
Fraction 
of 
accident
s related 
to noise 
exposure 
Population 
case-control 
study 
R 
108 cases 
and 324 
controls, 
mid-sized 
Brazilian 
city, 
randomly 
selected 
houses were 
visited and 
asked about 
work-related 
accidents in 
2002 
3 levels of 
noise exposure 
by worker’s 
perception as 
noise is 
“always, 
sometimes, 
never” 
Dichotomous 
occupational 
accidents, 
Cases 
reported a 
work-related 
accident 
during a 90 
period, 
controlled for 
schooling, 
overtime 
hours, daily 
working 
63% of work 
accidents were 
statistically 
associated with 
occupational 
noise exposure. 
Estimated 
incidence rate 
ratio was 4.955 
for always 
exposed to 
intense 
occupational 
noise. 
Accident risks 
in the 
environment 
were not 
assessed.  
Many noisy 
environments 
have more 
accident 
risks,  
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
hours, 
number of 
co-workers, 
shiftwork, 
and 
occupational 
group 
(Girard, 
Picard et 
al. 2009) 
Hearing 
loss and 
acute 
accident
s 
Retrospectiv
e cohort of 
workers 
exposed 
higher than 
80 dBA. 
Industries: 
Metal prod, 
plastic/rubbe
r, mining, 
wood, 
sawmills, 
transportatio
n mfg (no 
construction, 
mining, or 
logging). 
O 
N=52,982 
Canadian 
males  
aged 16-64 
from 
Quebec WC 
board. 
Hearing status- 
collected by 
audiogram 
  
Noise in 
workplace from 
8 hour 
measurements 
 
Stratified for 
age 
Number of 
work-related 
accidents 
occurring 
during 5 
years after 
audiogram 
from WC 
Exposure to 
noise >90 dBA 
is assoc with 
higher risk of 
accidents 
(RR=1.1 – 1.3).  
Hearing 
impairment is 
assoc with risk 
of accidents.  
Synergistic 
effect with both 
>90 and hearing 
impairment 
Assumed 
accidents 
were 
independent 
One time 
noise level 
measurement 
or workers 
could have 
changed jobs. 
No 
information 
on PPE – 
could reduce 
exposure but 
decrease 
listening 
ability. 
Under 
reporting of 
accidents 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
(Ide 2007) To 
determin
e levels 
of job 
loss 
relation 
with 
hearing 
loss & 
contribu-
tion to 
accident
s 
Retrospectiv
e case-
control study 
of fire 
fighters (FF) 
I 
121 ill-health 
retirements 
(IHR) from 
HL with a 
control 
group of 112 
similar-aged 
working fire 
fighters 
Ill-health 
retirement (121 
of 3366 IHR 
were due to 
HL) 
Controls were 
still working FF 
matched on 
age 
Audiometric 
data for ill-
health 
retirements 
& Recorded 
accidents 
and near 
misses,  
 
68% of those 
with HL IHR had 
HL needing a 
hearing aid 
compared to 
16% of those 
still working. 
41 or 32,274  
(0.13%) 
accidents and 
near misses 
were due to 
hearing  
Many FF still 
working also 
had HL  
No OR or RR 
were given 
for predicting 
IHR from HL. 
(Kling, 
Demers 
et al. 
2012) 
Noise 
exposure 
and 
serious 
injury at 
a sawmill 
Cohort of 
~5,000 
workers 
I, O 
Sawmill 
workers in 
British 
Columbia 
employed 
for 1 year, 
1950-1998.  
Worked >1 d 
after 1989. 
Retrospective 
exposure to 
assign noise 
levels, and 
cumulative 
noise levels, 
and time below 
certain 
thresholds 
(e.g. <85) for 
cohort. 
Hospitalizatio
n records for 
workers 
hospitalized 
from work 
place injury.  
173 cases 
were 
identified. 
Increasing 
cumulative 
exposure 
resulted in lower 
hospitalization 
for injury 
(RR<1).  Time 
of exposure 
above 85 dB 
resulted in most 
injuries for those 
working 90 – 
365 days 
(RR=2+). 
Results 
believed to be 
confounded 
by 
experience. 
They 
excluded 
workers 
working < 1 
year but 
found 
increased 
injury for 
those working 
90-365 days. 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
Outcome is 
hospitalizatio
n not less 
severe 
accidents. 
(Lees, 
Romeril 
et al. 
1980) 
Noise 
exposure 
and 
stress 
Paired 
cohort study 
I, O 
140 
industrial 
workers (1/2 
exposed), 
employees 
working 
1/1/62 and 
<40 y, only 
88 were 
exposed 
<85 for 15 y, 
only 70 
could be 
matched 
exposed to 
≥90 dBA for 3 
to 15 y 
controls 
exposed to 
≤85 dBA 
for 15 y 
& shiftwork 
Many 
diseases and 
psychosocial 
disorders 
(anxiety, 
tension, 
depression, 
insomnia, 
fatigue, 
debility, 
marital 
discord, 
personality 
conflicts, 
family 
problems) 
from 
industrial 
medical 
records 
No difference 
was found in the 
number of 
medical 
conditions for 
the two groups 
Confounded 
by shiftwork, 
shiftwork was 
related to 
diseases 
when 
controlling for 
noise 
exposure 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
(Melamed
, Luz et 
al. 1992) 
Noise 
exposure
s 
relations
hip with 
psycholo
gical 
distress, 
accident
s, and 
sickness 
absence 
Cross-
sectional 
and 
longitudinal 
for years 85-
87 
R, E, O 
2,368 blue-
collar 
workers 
(textile, 
metalworks, 
light metal, 
plywood, 
electronics, 
food 
products, & 
printing) 
1680 male 
and 688 
female  
Noise 
exposure 
levels: low 
(<75 dBA), 
moderate (75-
84 dBA) and 
high (≥85 dBA) 
Psychologica
l: noise 
annoyance, 
job 
satisfaction, 
insomnia, 
anxiety, 
depression, 
irratibility, 
absence, sick 
leave 
Higher noise 
levels were 
associated with 
increased 
accident 
occurrence and 
sickness 
absence, 
accidents 
increased by 
50% for high 
noise level 
Also used 
high noise 
annoyance as 
an co-
variable and 
found it 
related to 
psychological 
factors  
(Melamed
, Fried et 
al. 2004) 
Noise 
Exposur
e and 
Job 
Complex
ity 
related 
to 
distress 
and 
injury 
risk 
6014 
workers in 
Israel who 
were in a 
cross-
sectional 
and 
longitudinal 
project. 
4084 
workers 
(1643 
women) in 
Israel. Metal 
work, light 
industry, 
textile, 
electronics, 
food mfg, 
plywood 
Noise 
exposure level 
– SLM 2X/day, 
2X/year  
high>80 dBA.  
Prestudy 
showed 80 as 
threshold 
effect. 
Expert gave 
ratings for job 
complexity and 
variability 
Injury data 
were 
compiled 
from accident 
registers for 
those with 1 
day lost 
work. 
Joint exposure 
to noise and 
high complexity 
causes higher 
distress and 
injury at work, 
especially 
women  
60% 
response 
rate, 
Safety 
hazards may 
be 
confounder.  
Other 
important 
variables: 
BMI, age, 
experience, 
gender. 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
(Moll van 
Charante 
and 
Mulder 
1990) 
Injuries – 
determin
e if noise 
is a 
cause 
cases 
versus non-
injured 
controls 
300 of each 
I, E, O 
Shipyard 
1984-86 
The 
Netherlands, 
noise levels 
from 75-97 
dBA 
Noise 
exposure >82 
dBA, personal 
habits (alcohol) 
and history by 
questionnaire, 
hearing loss 
(>20 dB) by 
annual 
audiometric 
test, 
This facility 
allowed free 
alcohol 
consumption 
on the docks. 
  
Injured 
workers were 
cases, a 
recordable 
injury with 
the plant 
nurse was a 
case, 
matched by 
birth year, all 
were manual 
workers 
Alcohol 
consumption, 
noise exposure 
and hearing loss 
were predictors 
of injury. 
Noise and 
hearing loss 
represented 
43% of the 
injuries. 
When no HL, 
OR=1.83 for 
noise >82 
Both HL and 
>82, OR = 3.29. 
 
Inherent 
safety 
hazards of 
jobs were not 
considered 
separately, 
alcohol was 
deemed to 
cause 37% of 
injury.  Noise 
measured by 
job title. 
(Palmer, 
Harris et 
al. 2008) 
Determin
e if 
common 
health 
condition
s 
increase 
occupati
onal 
injury 
Review of 
literature 
15 papers 
on hearing 
problems 
and 
accidents 
Hearing loss accidents Most had 
moderate 
association of 
RR>1.5 
supporting that 
hearing loss can 
increase risk of 
accidents 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
(Picard, 
Girard et 
al. 2008) 
Accident
s and 
noise 
and 
hearing 
loss 
Retrospectiv
e cohort 
study 
Canada 
O 
52,900 male 
workers, 
aged 16-64,  
exposed to 
>80 dB  
Measured 
sound level 
once for 8 
hours after 
conducting an 
audiogram.  
Measured 
1983-1996.  
Used ISO 
6189 
For each 
worker, 
collected 
accidents 
reported to 
worker 
compensatio
n for years 
1983-1998 
Hearing loss of 
20 dB resulted 
in accident risk 
of 1.14.   
12% of 
accidents were 
due to hearing 
loss and noise 
exposure >90 
dBA.  6.2% from 
sound level and 
7.0% hearing 
loss. 
Exposure 
assessed 
only once, 
Did not 
catalog 
known 
causes of 
accidents: 
safety 
hazards, work 
organization, 
tools, etc. 
Strength was 
large number 
of workers. 
(Picard, 
Girard et 
al. 2008) 
 Relati
onship 
among 
noise 
exposure
, HL, and 
driving 
safety 
Retrospectiv
e cohort 
O 
46,030 male 
workers with 
driving 
permits 
working in 
noisy 
industry 
Daily noise 
exposures, 
and hearing 
threshold at 3, 
4, & 6 kHz 
Number of 
motor vehicle 
accidents 
and traffic 
violations 
Noise >99 dBA 
mild hearing 
loss both had 
Prevalence 
Ratios greater 
than 1 for at 
least one traffic 
accident 
Traffic violations 
other than 
speeding were 
also increased  
There is no 
way to 
determine the 
job title. 
All 
comparisons 
for noise 
exposure are 
made to 
workers with 
daily noise 
exposure less 
than 90 dBA 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
but measured 
and incurring 
yearly 
audiograms 
(Sbihi, 
Davies et 
al. 2008) 
Relation
ship 
between 
noise 
exposure 
and 
hyperten
sion 
Cohort from 
1991-1998 
I, O 
10,872 male 
sawmill 
workers, 
employed at 
least one 
year 
between 
1950-55 and 
were alive in 
1991 
Cumulative 
and duration of 
exposure 
above 85, 90, 
95 dBA 
Cases were 
males who 
died, had at 
least one 
hospital visit, 
or three 
doctor visits 
within 70 
days, for 
hypertension 
828 cases were 
identified. 
Hypertension 
increased with 
cumulative 
exposure 
No 
adjustment 
for hearing 
protection 
devices, no 
information 
on smoking 
or other 
personal 
factors 
(Viljoen, 
Nie et al. 
2006) 
Associati
on 
between 
hearing 
loss and 
accident
s 
Retrospectiv
e cohort, 
1994-2003 
I, O 
1080  
underground 
coal miners 
for 10 years, 
93 had 
accidents & 
983 controls  
High tone 
hearing loss, 
binaural at 
≤10%, >10-
<20, and >20 
Injuries from 
moving or 
falling objects 
only. 
 
Accidents were 
more frequent 
among young 
workers with 
hearing loss, but 
not significantly 
different  
The youngest 
age group 
showed a 
significant 
difference in 
the number of 
accidents and 
was not 
controlled in 
the analysis 
(Wilkins 
and 
Action 
1982)  
Evidence 
of a 
relations
hip 
Review Five papers  Noise 
exposure 
Accidents The papers 
suggest that 
noise may be a 
factor but 
Paper 
includes a 
discussion of 
possible 
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
between 
accident
s and 
noise 
evidence is not 
conclusive 
causes: lack 
of attention, 
masking of 
warning 
sounds, HPD, 
and HL 
(Yoon, 
Hong et 
al. 2015) 
To 
determin
e the 
relations
hip 
between 
noise 
and dust 
exposure
s and 
occupati
onal 
injury 
Retrospectiv
e cross-
sectional 
study 
E, O 
1790 
factories in 
Korea, 375 
with 
recorded 
worker’s 
injury 
claims, 
1112 
factories 
with < 30 
workers 
Exposure 
assessments 
by performed 
Ministry of 
Employment 
and Labor 
Noise: 
<80 dB, 80-89 
dB, ≥90 dB  
 
Count of 
injuries from 
Korean 
Workers 
Compensatio
n for each 
factory in 
2010. 
Workplaces 
which had WC 
incidents had a 
significantly 
greater 
proportion of 
high noise 
exposure than 
non-incident 
workplaces 
Study did not 
describe 
reason for 
evaluations.  
About 1/3 had 
negligible 
noise 
exposure 
(<80 dB), 
inherent risk 
cannot be 
ruled out as a 
confounder. 
(Zwerling
, Sprince 
et al. 
1996) 
Risk 
factors 
for 
occupati
onal 
injuries 
of older 
workers 
Cross 
sectional 
study with 
questionnair
e 
R 
7,089 
workers 
(farmers 
were not 
included) 
Demographic, 
health, working 
conditions, 
SES, 
occupation 
Did you have 
a workplace 
injury in the 
past one 
year? 
Higher rate of 
workplace 
injuries were 
related to: 
occupation 
(mechanics, 
service, 
laborers), heavy 
lifting, impaired 
Questionnaire 
data only 
relying on 
recall bias, 
subjects with 
injuries may 
have 
answered 
differently.  
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No and 
Reference 
Topic Study 
Design and 
Study 
Quality 
Measures* 
Population/ 
Location 
Primary 
Independent 
Variables and 
How Measured 
Primary 
Dependent 
Variables 
and How 
Measured 
Study 
Conclusions 
Consideration
s of Note 
hearing or 
vision. 
No 
quantification 
of severity. 
Hearing is 
self reported 
as poor or 
fair. No 
question 
about sound 
levels  
(Zwerling
, Whitten 
et al. 
1997) 
To 
determin
e if 
hearing 
and 
visual 
impairme
nts are 
risk 
factors 
for 
occupati
onal 
injuries 
Retrospectiv
e cohort 
study 
R 
459,827 
participants 
of National 
Health 
Interview 
Survey 
Hearing loss 
assessed by 
interview as a 
yes/no 
question 
Occupational 
injuries in 
year before 
interview 
causing 
impairment at 
time of 
interview 
The risk of all 
disabilities was 
associated with 
a 36% increase 
in occupational 
injuries.  HL was 
associated with  
55% increase in 
injuries. 
Adjusting for 
occupation 
reduced the 
need to 
adjust for 
gender or 
race 
*Study quality measures:  R- Relied on worker’s recall, I – confined to one or two industries, E—did not adjust for 
experience or age, and O—did not adjust for occupation or physical safety risk 
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Appendix B:  Literature Review Table for Solvent Exposure Relationship to Accidents, Injury, 
Balance, or Other Health Outcomes 
 
No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
Solvent Exposure and Relationship to Accidents, Injury, Balance or Other Health Outcomes 
(Attarchi, 
Golabadi 
et al. 
2013) 
Noise 
and 
solvents 
effect on 
blood 
pressure 
(hyperten
sion) 
Cross 
sectional 
study 
471 male 
car 
manufactu
ring 
workers in 
Iran 
Co-exposure 
(noise and 
solvent), 
solvents, noise, 
control. 
Noise and 
solvents were 
measured by 
industrial 
hygienists 
Solvents levels 
> exposure 
limits 
Systolic and 
dystolic blood 
pressure 
(SBP and 
DBP) 
Workers in 
the co-
exposure 
groups, noise 
only, and 
solvent only 
groups had 
higher mean 
values of 
SBP and 
DBP than 
control group 
The paper 
suggests that 
noise causes 
stress which 
increases blood 
pressure.  
Acetone and 
tetra-
chloroethylene 
exposures may 
increase blood 
pressure due to 
nephritic 
system effects 
(Elofsson, 
Gamberal
e et al. 
1980) 
Solvent 
exposure
s effects 
on the 
nervous 
system 
Cross-
sectional 
study 
80 spray 
painters 
with low 
level 
solvent 
exposure, 
two 
matched 
groups of 
non-
exposed 
Hygienic effect 
of compounds 
(ratio of actual 
amount exposed 
to OEL). 
Ranged from 
0.12 to 0.30.  
Questionnaire 
of psychiatric 
and 
neurological 
symptoms  
Blood 
analyses 
Solvent 
exposed 
workers had 
a higher 
frequency of 
neurological 
and 
psychiatric 
symptoms 
and skin 
symptoms. 
Study 
conducted in 
1980. It has 
many, many 
outcome 
variables that 
may not be 
relevant. 
No decisive 
result to put in 
summary table. 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
industrial 
workers 
(electronic 
plant 
Exposed 
group had a 
reduced 
function of 
peripheral 
nerves 
(Herpin, 
Gauchard 
et al. 
2008) 
Solvent 
exposure 
and 
neuromot
or 
impairme
nts 
Cross 
sectional 
study 
12 hospital 
laboratory 
women 
and 12 
non-
exposed  
Low-level 
organic solvents 
exposure 
Air samples 
toluene (mean 
32.5 mg/m3) & 
ethanol (mean 
29.9 mg/m3) 
Posturograph
y and 
oculomotricity 
Exposed 
worker 
showed 
weaker 
balance and 
reduced 
gaze control 
and reduced 
saccadic 
reaction time 
The paper 
discusses the 
many studies 
that show 
reduced 
balance and 
CNS skills with 
very high 
solvent 
exposures 
(Hunting, 
Matanoski 
et al. 
1991) 
Solvent 
exposure 
and risk 
of slips, 
trips, and 
falls 
(STF) 
Longitudinal 
study 
155 
painters, 
2488 
person-
weeks of 
fall 
experience 
from 
painters 
union 
Questionnaire 
about painting 
days and years 
and solvent use 
recorded each 
week 
Questionnaire 
about slips, 
trips, and falls 
recorded 
each week. 
Documented 
work time in 
hazardous 
tasks 
Solvent 
exposure 
variables 
predicted 
STF 
Workers self-
selected which 
weeks to enter 
data. 
(Iwata, 
Mori et al. 
2005) 
Low level 
Solvent 
exposure 
and 
Cross 
sectional 
study 
62 solvent 
workers in 
Buddhist 
alter 
Passive gas 
samplers 
measured for 
toluene (mean 
Neuromotor 
test battery 
including 
Sagital sway 
with eyes 
closed was 
greater in 
There was a 
negative 
relationship 
with transversal 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
neuromot
or 
performa
nce 
manufactu
ring and 
35 control 
subjects 
men and 
women, 1.2, 0.5 
ppm), xylene 
(0.4, 0.5), n-
hexane (0.1, 
2.5) and styrene 
(0.2, 0.1)  
postural sway 
and tremor 
solvent 
exposed 
workers, 
tremor was 
also stronger 
sway with eyes 
closed and 
styrene 
exposure 
(Karydes, 
Zautcke et 
al. 2011) 
Eye 
injuries in 
aviation 
workers 
Retrospectiv
e chart 
review 
19 aviation 
worker 
reporting 
to medical 
with 
chemical 
conjunctivi
tis 
Patients with 
ICD 9 
classification 
372.5 (chemical 
conjunctivitis) 
were included 
Identified 
chemicals 
that workers 
were exposed 
Eye injuries 
were the 
result of use 
of hydraulic 
fluid, 
lubricating 
agents, jet 
fuel, and de-
icing agents 
No statistics 
were 
presented.  
This article was 
not further 
analyzed. 
(Kelafant, 
Berg et al. 
1994) 
1,1,1-
Trichloro
ethane 
exposure 
and toxic 
encepha-
lopathy 
Medical 
examination 
of industrial 
workers 
28 workers 
with mild 
sleep and 
memory 
disorders 
from one 
workplace 
High exposure 
to 1,1,1 
trichloroethane 
(methyl 
chloroform) 
Neuropsychol
ogic 
evaluation  
and postural 
sway test 
Over 90% of 
patients had 
postural 
sway 
abnormalities
.  No 
relationship 
with duration 
of 
employment 
and 
outcomes 
were found.  
No statistics or 
comparison 
groups were 
presented.  
This article was 
not further 
analyzed. 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
(Kilburn, 
Warshaw 
et al. 
1987) 
Formalde
hyde and 
solvents 
related to 
neurobeh
avioral 
tests 
Cross 
sectional 
study 
305 
women 
histology 
technician
s 
Self reported 
exposure to 
formaldehyde 
fumes, xylene 
and toluene 
assessed by 
number of slides 
per day 
10 tests of 
memory, 
balance, 
coordination, 
dexterity, 
motor speed 
special 
relation, 
conceptual 
shifting and 
conceptual 
motor speed  
Memory and 
dexterity 
were 
decreased in 
workers who 
were 
exposed to 
formaldehyd
e.  Only one 
memory test 
was 
associated 
with solvent 
exposure 
Age was the 
strongest 
predictor of 
decreased 
performance in 
these tests.  
Models for 
formaldehyde 
and solvents 
did not adjust 
for age. 
(Kuo, 
Bhattacha
rya et al. 
1996) 
Organic 
solvent 
exposure 
and 
postural 
stability 
Cross 
sectional 
study 
28 sewer 
workers 
versus 
pooled 
non-
exposed 
workers 
Volatile organic 
solvents using a 
photo ionization 
detector (<1 
ppm of benzene 
equivalents) 
Postural sway 
area and 
length with 
eyes opened 
and closed 
and hard and 
foam surfaces 
Regression 
models of 
exposure to 
sway showed 
that higher 
exposures 
were 
correlated 
with higher 
sway (R2 = 
.32to .43) for 
eyes closed 
hard surface 
and both 
eyes opened 
and closed 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
for foam 
surface 
(Park, Lee 
et al. 
2009) 
Solvents 
and 
neurotoxi
c effects 
Cross 
sectional  
41 workers 
from 4 
plants 
exposed to 
solvents 
and 90 
non-
exposed in 
Korea 
Air sampling of 
organic solvents 
and computation 
of an exposure 
index (ratio 
exposure to 
OEL). 
Biological 
monitoring 
(urine) for 10 
solvents 
Cumulative 
biological 
exposure used 
urine results and 
work duration 
Static 
posturograph
y 
Exposed 
group 
displayed a 
larger sway 
area and 
sway length 
with eyes 
open but not 
with eyes 
closed 
 
(Sabbath, 
Glymour 
et al. 
2012) 
Chronic 
solvent 
exposure 
relationsh
ip to 
cognition 
Prospective 
cohort 
4,134 
utility 
workers 
Lifetime 
exposure to 
chlorinated 
solvents, 
petroleum, 
benzene, and 
non-benzene 
aromatic 
solvents by job-
exposure matrix  
Cognition by 
scoring below 
25th percentile 
on Digit 
Symbol 
Substitution 
Test 
For less-
educated 
workers, RR 
for poor 
cognition of 
1.24. More 
recent 
exposure 
also 
predicted 
worse 
cognition. 
There was 
more solvent 
exposure 
among less 
educated 
workers. 
Low cognition 
workers may 
stay in low 
wage, higher 
exposed jobs. 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
(Seligman, 
Halperin 
et al. 
1986) 
Lead 
poisoning 
and 
workers’ 
compens
ation 
Cross 
sectional 
study of 
existing 
database 
92 claims 
to worker’s 
compensat
ion for 
lead 
poisoning 
Lead poisoning 
claim with 
workers level of 
50 µg/dL 
By company, 
number of 
inspections 
and 
violations, 
SIC code, and 
size 
There was 
no 
correlation 
with whether 
or not 
companies 
were 
inspected by 
OSHA, nor 
with size of 
company 
These were 30 
companies 
Stollery, 
et al 1988 
Memory 
and 
solvent 
exposure 
Retrospectiv
e study of 
workers 
accidently 
intoxicated 
by 
adhesives in 
tennis ball 
manufacturi
ng. 
9 women 
who were 
accidently 
highly 
exposed to 
solvents 
and 
control 
group 
Acute exposure 
to toluene and 
aliphatic 
hydrocarbons. 
No details on 
level of 
exposure 
Memory 
tasks: Paired-
associate 
task.  Serial 
position task. 
Brown 
Peterson 
task.   
For all three 
tasks the 
acute group 
learned 
fewer word 
pairs (F=2.8, 
p=0.08). 
acute group 
recalled 
fewer (F=3.4, 
p=0.05), and 
acute group 
had poorer 
recall (F=7.9, 
p=0.003)  
No discussion 
of the exposure 
other than it 
was an 
accident and 
involved 
toluene and 
aliphatic 
hydrocarbons. 
Unclear if 
participants 
with more 
problems 
agreed to 
participate 
Saruda 
(1992) 
Fatalities 
among 
constructi
Surveillance 
of OSHA 
fatality 
reports 
Constructi
on 
painters 
SIC 1721, 
Fatal fall Causes: fall, 
electrocution, 
asphyxiation 
The fatality 
rate is 3-5 
times for 
construction 
Should 
compare to 
other 
construction 
  
 
1
0
7
 
No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
on 
painters 
129 
fatalities 
for 1982-
86 
painters 
(2.3/10,000/y
r) than 
general 
industry  
jobs to 
determine if 
solvents have 
an effect.  Only 
one fatal fall 
report 
mentioned 
solvent 
asphyxiation. 
(Tuntisera
nee and 
Chongsuv
ivatwong 
1998) 
Determin
e 
hazards 
in the 
workplac
e, 
solvents 
and 
accidents 
Cross-
sectional 
survey 
1000 
workers 
from wood 
furniture 
industry in 
Thailand 
Asked workers 
about specific 
chemicals 
Injury was an 
accident with 
one day sick 
leave 
Many 
workers had 
chemical 
exposures 
and injury 
rates were 
higher than 
national 
average 
This paper 
does not 
incorporate any 
statistics to 
quantify solvent 
and accidents 
(Zamyslo
wska-
Szmytke 
and 
Sliwinska-
Kowalska 
2011) 
Stryrene 
and 
Dichloro
methane 
(DCM) 
exposure 
and 
balance 
Cross 
sectional 
study 
74 plastics 
manufactu
ring 
workers, 
49 white-
collar, 
non-
exposed 
workers 
exposure to 
styrene  (mean 
37 mg/m3) and 
DCM through 
individual 
dosimetry over 
years exposure 
(up to 20 y) 
Videonystagm
ography 
(VNG) 
assessment 
and Static 
Postural 
Assessment 
64% of 
exposed 
workers had 
some VNG 
abnormalities 
compared to 
28% of non-
exposed 
Long-term 
solvent 
exposure  
related to 
organic brain 
lesions, CTE  
(chronic toxic 
encephalopath
y). 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
(Zamyslo
wska-
Szmytke, 
Politanski 
et al. 
2011) 
Organic 
solvent 
exposure 
and 
balance 
system 
Cross 
sectional 
study 
60 paint 
and 
lacquer 
workers 
exposed to 
organic 
solvents 
and 110 
white 
collar and 
maintenan
ce  
workers 
Solvents, mostly 
xylene, toluene, 
ethyl acetate 
Noise exposure 
Static 
posturograph
y, 
electronystag
mography 
(ENG) 
& 
audiometry 
Using static 
posturograph
y, only 
reaction time 
was 
statistically 
reduced in 
the solvent 
group, ENT 
showed 
reduction in 
exposed 
group  
Solvents may 
suppress the 
VOR 
(vestibulooculo
motor reflex) 
Ototoxic Substances Relationship to Hearing Loss 
Kaufman, 
2005 
Noise 
and jet 
fuel  
Cross-
sectional jet 
fuel 
exposed 
and 
unexposed 
workers 
 
138 
aircraft 
workers 
without 
hearing 
loss at 
baseline 
Noise exposure 
and jet fuel 
exposure 
Hearing loss 
by audiogram 
compared to 
baseline 
Duration of 
jet fuel 
exposure 
was 
significantly 
related to 
persistent 
hearing loss. 
 
Kaufman, 
1999, 
disserta- 
tion 
Neurologi
cal 
disorders 
and 
hearing 
loss 
Cross-
sectional jet 
fuel 
exposed 
and 
unexposed 
workers 
138 
aircraft 
workers 
without 
hearing 
loss at 
baseline 
Noise exposure 
and jet fuel 
exposure 
Hearing loss 
(as above) 
and postural 
sway using 
Accusway 
platform. 
Exposure to 
jet fuel 
resulted in 
significantly 
greater sway 
(eye open 
and closed, 
Study suggests 
that because 
the noise by jet 
fuel exposure 
was 
significantly 
related to sway 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
Relations
hip with 
hearing 
loss and 
postural 
sway 
 on or off of 
foam).  Noise 
and jet fuel 
interaction 
was 
borderline 
significantly 
correlated 
with sway.  
that the noise 
could cause a 
subclinical 
disturbance in 
the vestibular 
system. 
Metwally 
et al 
(2011) 
Noise 
and 
organic 
solvents 
Retrospectiv
e case-
control 
study with 3 
groups: 
noise 
exposed, 
noise and 
solvent 
exposed, 
neither 
exposed 
Egyptian 
carpenters
, paint 
production 
workers, 
and clerks 
Questionnaire of 
demographic, 
personal data, 
Sound level 
meter measured 
for high and low 
during one shift, 
solvent from 
factory records 
(>182 mg/m3 = 
40 ppm)  
Clinical exam 
blood 
pressure and 
otoscopic, 
and 
audiometry 
Noise and 
noise+solven
t workers had 
greater 
hearing loss.  
More 
sensory 
neural 
hearing 
impairment 
was found in 
workers with 
noise+solven
t exposure 
Used three 
different plants 
for three 
groups.  Plants 
could have 
varied by lots of 
measures and 
types of 
people.  
Solvent from 
company 
records.  Years 
of noise 
exposure could 
bias. 
Morata  et 
al (2011) 
Styrene 
exposure 
and 
hearing 
loss 
Cross 
sectional 
study with 
data from 6 
institutions, 
Participant
s from 
Europe, 
aged: 18-
63 yr, 
Exposed 
Styrene 
exposure, TWA 
on 85% of 
subjects, 
passive 
Pure tone 
audiometric 
tests to ISO 
8253-1. 
Otoscopy was 
also 
Hearing loss 
was seen 
among 
styrene 
exposed 
workers.  
Some 
participants 
had 
coexposure to 
acetone, 
toluene, etc.  
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
exposed 
and controls 
to styrene 
at 12-20 
ppm. 
1620 
workers, 
423 exp 
Styrene, 
268, both 
styrene 
and noise 
samplers, noise 
8-hour TWA 
performed.  
Above 25 dB 
was not 
normal 
audiogram at 
3 – 6 kHz.   
There was 
an interaction 
with noise 
exposure 
Multisite study 
had differences 
in audiometry 
measurement. 
Only measured 
exposures at 
one point in 
time. 
Paini et al 
(2009) 
Noise 
exposure 
and 
hearing 
of 
fisherme
n in 
Brazil 
Cross-
sectional 
study 
exposed 
and controls 
Five 
fishing 
communiti
es, 150 
fishermen 
in study, 
141 met 
eligibility, 
18 to 77 y.  
Also 136 
age-
matched 
controls 
Sound level 
measurements 
were made near 
each ear, 4 
times, area 
samples on 
each vessel 
Audiological 
assessment 
was 
conducted at 
fishermen 
association.  
Normal was < 
25 dB. Also 
used 
otoacoustic 
emissions 
and TEOAE 
testing 
Sound levels 
ranged from 
below 60 for 
no engine 
vessels to 
over 100 
dBA. 
Fishermen 
with noise 
exposure 
had more 
hearing loss 
Noise 
measurements 
were not 8 
hours.  
Fishermen 
have variable 
work routines 
and may not be 
representative.  
Does not 
include shrimp 
season-- louder 
throttle.  May 
have recruited 
participants 
with more 
hearing 
problems. 
Lead Relationship to Accidents 
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No and  
Reference 
Topic Study 
Design 
Population  
& 
Location 
Primary 
Independent 
Variables 
Primary 
Dependent 
Variables  
Study 
Conclusions 
Considerations 
of Note 
(Bhattach
arya, 
Shukla et 
al. 2006) 
Pre-
school 
lead 
exposure 
and 
balance 
Longitudinal 
study 
91 children 
from 
Cincinnati 
Lead 
Study 
5-year blood 
lead exposure 
(mean 
11.66µg/dL) 
Postural 
balance 
measured 
every 20 m 
from 6 to 12 
y. 
Children with 
early lead 
exposure 
had delayed 
balance 
abilities 
compared 
with non-
exposed 
peers. 
Considering 
sway area was 
larger for 
exposed 
children, 
impairment to 
the labyrinth of 
the vestibular 
system is likely 
as opposed to 
proprioception 
system. 
(Kincl, 
Dietrich et 
al. 2006) 
Blood 
lead and 
neuromot
or 
performa
nce and 
unintentio
nal injury 
Cohort 
study 
Children 
enrolled 
prenatally 
and 
followed 
through 
adolescen
ce 
Blood lead 
measured 
quarterly from 
birth to age 5 
Self reported 
unintentional 
injury from 
adolescence 
Elevated 
mean 
childhood 
lead 
exposure 
were 
significantly 
related to 
injury, and 
fall events.  
Pilot study 
(Min, Lee 
et al. 
2012) 
Blood 
lead and 
balancing 
ability 
NHANES 
data from 
1999-2004 
Cross 
sectional 
study 
US 
general 
population 
Blood lead and 
cadmium levels 
Balancing 
ability by 
Rombert Test 
of Standing 
Balance 
Participants 
with blood 
lead above 
1.3 µg/dL 
were more 
likely to have 
balance 
dysfunction 
Many 
participants 
were exposed 
to both lead 
and cadmium 
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Appendix C:  All Analytes from Site Visit Reports with Major and Sub 
Category and Neurotoxin Determination (n=132) 
Chemical Name 
CAS 
Number Neurotoxin 
Major 
Category Subcategory  
flour dust (inhalable) unk2 N 
Biological 
Agents 
Plant-Derived 
Allergens 
starch (total dust) 9005-25-8 N 
Biological 
Agents Polysaccharides 
d-limonene 5989-27-5 Y 
Biological 
Agents Terpenes 
wood dust, all species except 
Western Red Cedar mix3 N 
Biological 
Agents 
wood dusts & 
extracts 
arsenic (inorganic compounds as 
As) 7440-38-2 Y Metals 
arsenic compounds, 
inorganic 
beryllium 7440-41-7 Y Metals 
Beryllium 
Compounds, 
Inorganic 
cadmium dust 7440-43-9 Y Metals 
Cadmium 
compounds, inorganic 
hexavalent chromium 7440-47-3B Y Metals 
Chrome; Chromium 
compounds 
chromium metal 7440-47-3 Y Metals 
Chromium 
Compounds, 
Inorganic 
cobalt metal dust and fume 7440-48-4 Y Metals Elements, Metallic 
copper, dust and mists 7440-50-8 Y Metals Elements, Metallic 
iron 7439-89-6 Y Metals Elements, Metallic 
molybdeum - metal & insoluble 
inhalable 7439-98-7 Y Metals Elements, Metallic 
tungsten (metal and insoluble 
compounds) 7440-33-7 Y Metals Elements, Metallic 
lead (inorganic) 7439-92-1 Y Metals 
Lead compounds, 
inorganic 
manganese (ACGIH inhalable) 7439-96-5 Y Metals 
Manganese 
Compounds, 
Inorganic 
aluminum (total) 7429-90-5 Y Metals metallic elements 
antimony 7440-36-0 Y Metals 
metalloids and 
compounds 
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zinc oxide fume 1314-13-2 Y Metals 
Metals, Inorganic 
Compounds 
iron oxide, dust and fume 1309-37-1 Y Metals 
Metals, Inorganic 
Compounds 
potassium chloride 7447-40-7 N Metals 
Metals, Inorganic 
Compounds 
vandium 1314-62-1 Y Metals 
Metals, Inorganic 
Compounds 
nickel (ACGIH inhalable) 7440-02-0 Y Metals 
Nickel Compounds, 
Inorganic 
dibutyl tin dilaurate 77-58-7 Y Metals 
Tin compounds, 
organic 
tin 7440-31-5 Y metals 
Tin compounds, 
organic 
coal dust (respirable) bituminous mix5 N 
Mineral 
Dusts Fibrogenic Dusts 
silica (as respirable dust) 14808-60-7 N 
Mineral 
Dusts Fibrogenic Dusts 
silica, crystalline (as total dust) 7631-86-9 N 
Mineral 
Dusts Fibrogenic Dusts 
silica, crystalline cristobalite 
(respirable dust) 14464-46-1 N 
Mineral 
Dusts Fibrogenic Dusts 
silica, crystalline trdymite 
(respirable dust) 15468-32-3 N 
Mineral 
Dusts Fibrogenic Dusts 
ceramic fibers  
142844-00-
6 N 
Mineral 
Dusts 
Synthetic Vitreous 
Fibers 
fiber glass wool 65997-17-3 N 
Mineral 
Dusts 
Synthetic Vitreous 
Fibers 
diethylenetriamine 111-40-0 N 
Nitrogen 
Compounds Amines, Aliphatic 
m-xylylenediamine 1477-55-0 N 
Nitrogen 
Compounds Amines, Aromatic 
triethanolamine 102-71-6 N 
Nitrogen 
Compounds ethanolamines 
acrylonitrile 107-13-1 Y 
Nitrogen 
Compounds Nitriles 
formaldehyde 50-00-0 N 
Other 
Classes Aldehydes 
potassium hydroxide 1310-58-3 N 
Other 
Classes Bases 
sodium hydroxide 1310-73-2 N 
Other 
Classes Bases 
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carbon black 1333-86-4 N 
Other 
Classes 
Elements, 
Nonmetallic 
naphthalene 91-20-3 N 
Other 
Classes Naphthalenes 
acetic acid 64-19-7 N 
Other 
Classes Organic acids 
metalworking fluids aerosol mwf1 N 
Other 
Classes organic compounds 
oil mist (mineral) 8012-95-1 N 
Other 
Classes 
other organic 
compounds 
naphtha (heavy aromatic) 64742-94-5 Y 
Other 
Classes 
Petroleum Distillates, 
Other 
VM&P Naphtha 64742-89-8 Y 
Other 
Classes 
Petroleum Distillates, 
Other 
hydroquinone 123-31-9 N 
Other 
Classes Phenols 
phenol 108-95-2 Y 
Other 
Classes Phenols 
anthracene 120-12-7 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
benzo a pyrene 50-32-8 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
chrysene 218-01-9 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
coal tar pitch volatiles 65996-93-2 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
phenanthrene 85-01-8 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
pyrene 129-00-0 N 
Other 
Classes 
Polycyclic Aromatic 
Hydrocarbons 
magnesium oxide fume 1309-48-4 Y 
Other 
Classes Salts, basic 
sodium azide as sodium azide 
(particle) 26628-22-8 Y Other uses Explosives 
acetaminophen (pharmaceutical) 103-90-2 N Other uses Pharmaceuticals 
cyclobenzaprine (pharmaceutical) 303-53-7 Y Other uses Pharmaceuticals 
diphenhydramine hydrochloride 
(pharmaceutical) 147-24-0 Y Other uses Pharmaceuticals 
nifedipine (pharmaceutical) 21829-25-4 N Other uses Pharmaceuticals 
propanolol (pharmaceutical) 525-66-6 N Other uses Pharmaceuticals 
RPM respirable particulate matter mix4 N Other uses Pyrolysis Products 
total particulate mix2 N Other uses Pyrolysis Products 
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p-dichlorobenzene 106-46-7 Y Pesticides Fumigants 
MOCA (4,4-Methylenebis(2-
chloroaniline) 101-14-4 N 
Plastics & 
Rubber 
Curing agents 
(aromatic) 
hexamethylene diisocyanate 
(HDI) 822-06-0 N 
Plastics & 
Rubber Diisocyanates 
isophorone diisocyanate 4098-71-9 N 
Plastics & 
Rubber Diisocyanates 
MDI (methylene bisphenyl 
isocyanate) 5124-30-1;  N 
Plastics & 
Rubber Diisocyanates 
MDI Oligomer 9016-87-9 N 
Plastics & 
Rubber Diisocyanates 
Toluene, 2,4-diisocyanate (TDI) 584-84-9 N 
Plastics & 
Rubber Diisocyanates 
epichlorohydrin 106-89-8 N 
Plastics & 
Rubber Epoxides 
Triglycidyl-iso-cyanurate (1,3,5 
triglycidy-s-triazinetrione) 2451-62-9 N 
Plastics & 
Rubber Epoxy Resins 
caprolactam 105-60-2 Y 
Plastics & 
Rubber Other Monomers 
n-Vinyl 2 - pyrrolidone 88-12-0 N 
Plastics & 
Rubber Other Monomers 
Siloxane unk1 N 
Plastics & 
Rubber Polymers 
styrene 100-42-5 Y 
Plastics & 
Rubber Styrenes 
vinyl toluene 25013-15-4 Y 
Plastics & 
Rubber Styrenes 
vinyl chloride 75-01-4 N 
Plastics & 
Rubber Vinyl Halides 
ethyl alcohol (ethanol) 64-17-5 Y Solvents Alcohols (<C12) 
isopropanol 67-63-0 Y Solvents Alcohols (<C12) 
n-butyl alcohol (n-butanol) 71-36-3 Y Solvents Alcohols (<C12) 
n-propyl alcohol (n-propanol) 71-23-8 Y Solvents Alcohols (<C12) 
cyclohexane 110-82-7 Y Solvents 
Aliphatics, Saturated 
(<C12) 
heptane 142-82-5 Y Solvents 
Aliphatics, Saturated 
(<C12) 
n-Hexane 110-54-3 Y Solvents 
Aliphatics, Saturated 
(<C12) 
n-pentane (pentane) 109-66-0 Y Solvents 
Aliphatics, Saturated 
(<C12) 
1,2,4-Trimethylbenzene 95-63-6 Y Solvents Aromatic Solvents 
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1,3,5, trimethylbenzene 108-67-8 Y Solvents Aromatic Solvents 
benzene 71-43-2 Y Solvents Aromatic Solvents 
cumene 98-82-8 Y Solvents Aromatic Solvents 
ethyl benzene 100-41-4 Y Solvents Aromatic Solvents 
toluene 108-88-3 Y Solvents Aromatic Solvents 
xylene 1330-20-7 Y Solvents Aromatic Solvents 
1,1,2-trichloroethane 79-00-5 Y Solvents Chlorinated aliphatics 
carbon tetrachloride 56-23-5 Y Solvents Chlorinated Aliphatics 
chloroform 67-66-3 Y Solvents Chlorinated Aliphatics 
methylene chloride 75-09-2 Y Solvents Chlorinated Aliphatics 
perchloroethylene 
(tetrachloroethylene) 127-18-4 Y Solvents Chlorinated Aliphatics 
trichlorethylene 79-01-6 Y Solvents Chlorinated Aliphatics 
chlorobenzene 108-90-7 Y Solvents 
Chlorinated 
Aromatics 
o-dichlorobenzene 95-50-1 Y Solvents Chlorinated aromatics 
1,1,1,2 tetrafluoroethane 811-97-2 Y Solvents Chlorofluorocarbons 
ethyl acetate 141-78-6 Y Solvents Esters (<C12) 
isopropyl acetate 108-21-4 Y Solvents Esters (<C12) 
methyl acetate 79-20-9 Y Solvents Esters (<C12) 
n-butyl acetate 123-86-4 Y Solvents Esters (<C12) 
n-propyl acetate 109-60-4 Y Solvents Esters (<C12) 
tert-Butyl acetate 540-88-5 Y Solvents Esters (<C12) 
tetrahydrofuran 109-99-9 Y Solvents Ethers (<C12) 
1-methyoxy-2-propoanol acetate 108-65-6 Y Solvents 
Glycol ethers (E 
series) 
2-Butoxyethanol (butyl 
Cellosolve®) 111-76-2 Y Solvents 
Glycol ethers (E 
series) 
diethylene glycol monobutyl 
ether (2-2-butoxyethoxy ethanol) 112-34-5 Y Solvents 
Glycol Ethers (E 
Series) 
dipropylene glycol methyl ether 
((2-
methyoxymethylethoxy)propanol) 34590-94-8 Y Solvents 
Glycol ethers (P 
series) 
propylene glycol monomethyl 
ether 107-98-2 Y Solvents 
Glycol ethers (P 
series) 
2-pentanone (Methyl propyl 
ketone) 107-87-9 Y Solvents Ketones (<C12) 
acetone 67-64-1 Y Solvents Ketones (<C12) 
cyclohexanone 108-94-1 Y Solvents Ketones (<C12) 
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diisobutyl ketone 108-83-8 Y Solvents Ketones (<C12) 
MEK (methyl ethyl ketone) (2-
Butanone) 78-93-3 Y Solvents Ketones (<C12) 
methyl amyl ketone 110-43-0 Y Solvents Ketones (<C12) 
methyl isobutyl ketone (Hexone) 108-10-1 Y Solvents Ketones (<C12) 
TVOC mix1 Y Solvents Other 
gasoline 8006-61-9;  Y Solvents Petroleum, refined 
stoddard solvent 8052-41-3 Y Solvents Petroleum, refined 
hydrogen chloride (hydrochloric 
acid) 7647-01-0 N 
Toxic Gases 
& Vapors Acids, Inorganic 
hydrogen floride 7664-39-3 N 
Toxic Gases 
& Vapors Acids, Inorganic 
nitric acid 7697-37-2 N 
Toxic Gases 
& Vapors Acids, Inorganic 
phosporic acid 7664-38-2 N 
Toxic Gases 
& Vapors Acids, Inorganic 
sulfuric acid 7664-93-9 N 
Toxic Gases 
& Vapors Acids, Inorganic 
carbon monoxide 630-08-0 Y 
Toxic Gases 
& Vapors Chemical asphyxiants 
ammonia 7664-41-7 N 
Toxic Gases 
& Vapors corrosive gases 
cyanide (particulate), potasium 
cyanide 151-50-8 Y 
Toxic Gases 
& Vapors Cyanides 
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Appendix D: Data Entry Check 
 
There were 54 site visit and analyte combinations that did not match for the following 
reasons: 
 When entering respirable silica values, 26 sitevisit/ analytes were incorrect.  The 
OSHA PEL for respirable silica changes based on the percentage of silica in the 
particulates.  Initially each percentage was a separate analyte until a new column 
was made to record the percentage of silica. The master had not been updated 
with the new method of entering silica.  A coder went back to every silica entry 
completed by the first method and converted it to the second method. 
 One entry showed that hexavalent chromium was not converted from 
micrograms to milligrams.  A coder went back into the master and double 
checked every entry of hexavalent chromium to make sure the units were 
correctly converted.   
 There were 12 times that one analyte was entered instead of another resulting in 
two sitevisit/analyte discrepancies for each of the following:  Benzene was 
entered instead of coal tar pitch volatiles (2), metal working fluids entered instead 
of total particulates (2), Dibutyl tin dilaurate was entered instead of just Tin (2), 2-
butoxyethanol was entered instead of diethylene glycol monobutyl (2), oil mist 
entered as total particulates (2), trichloroethylene entered instead to total 
particulate (1) methyl ethyl ketone entered instead of methyl amyl ketone (1).  
 There were six entries where the concentration was left blank for a nondetected 
samples and others where the zero was entered.  All ND were changed to zero 
so that they would be compared to the OELs in later analyses.  
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 One entry had stoddard solvent with the wrong units (ppm vs. mg/m3), the entire 
data set was checked for all Stoddard Solvent, formaldehyde, and total volatile 
organics because they were analytes measured in both ppm and mg/m3.   
 Seven sitevisit/analyte discrepancies were the result of errors in either entering 
the master or the double entry:  wrong number entered for ceramic fibers and 
caprolactam (2), carbon monoxide area sampled entered (1), nothing got entered 
in double entry (4), two samples listed that were subsets of the total day sample 
(1) for trichloroethylene. 
For noise sampling, there were 151 samples (37%) where the master matched one 
of the coders for all six variables. Only 29 samples (7%) did not match either of the 
coders for all six variables. When reviewing those 29 samples, eight samples were 
area that should not have been entered, six samples were rounding errors (0.5 
rounded down instead of up), one sample was listed as OSHA AL instead of OSHA 
PEL, one had a wrong time, two were data entry errors, and one was a multisite 
company that wasn’t double entered by the coders. Multisite companies should have 
been removed from the master dataset when a list of those became available. 
Rounding errors were deemed minimal.   
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Appendix E.  Preliminary Study Results  
 
Before the main study, a preliminary study was conducted to evaluate methods.  The 
preliminary study included 16 companies. Half the companies had more than one noise 
consultation report. Repeat noise site visits for eight of the 16 initial companies were 
assessed. Substances measured during site visits from the first 16 companies that were 
not included in the study included:  bisphenol A, chromium metal (III & VI), copper, iron 
oxide, MDI (methylene bisphenyl isocyanate), TDI (toluene, 2,4,-diisocyanate), nickel, 
respirable particulate matter, silica, total particulates, and wood dust. 
E.1  Policy Data Evaluation 
Each of the 16 companies was searched on an on-line free small business 
company database (Manta Media 2015). The number of employees and the NAICS 
code were gathered when entering other information about the consultation reports. 
Later when all company identifiers were redacted, the NAICS code and number of 
employees were collected. Of the 16 companies, only 13 companies were matched. As 
can be seen in tables E.1 and E.2, the NAICS code and company size were not very 
reliable from the on-line database. The NAICS codes for 12 of the 13 companies were 
in the manufacturing sectors with the first two digits being 31 (food, n=2), 32 (paper, 
chemical, petroleum, plastic, n=1), and 33 (metal, machinery, computer, transportation, 
n=9). The final company was in sector 811 (repair and maintenance). As far as 
company size, the on-line database typically gave a range for the employee count and it 
was supposed to be current as of 2013. The Ohio policy data included employee count 
for 2008 and 2009 which varied for the two years. Compared to NAICS code, company 
size is constantly changing.  Of 13 companies, four had employee count from Ohio 
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policy records that matched the range given by the on-line service (table E.2). When 
considering the break points that were used for analysis on company size (10, 50, and 
250 employees), only six of 13 companies would have been put in the correct category 
using the on-line service.  In one case the on-line service gave an employee count 
range from 1 to 250 encompassing three quadrants.  After the preliminary study, there 
was no attempt to determine NAICS code or company size through an on-line database. 
Table E.1 Matching of NAICS codes between Ohio policy data and an on-line 
database (Manta Media 2015) 
    Number of Matching NAICS Digits Number of companies 
6 2 
5 0 
4 1 
3 1 
2 4 
1 2 
0 2 
   
Table E.2 Matching of Company Size between Ohio Policy Data and an on-line 
database (Manta Media 2015) 
Number of Employees OBWC On-line database 
≤ 10 1 0 
11 to ≤ 50 4 3 
51 to ≤ 250 7 9 
>250 1 0 
Cannot be classified 0 1 
 
E.2 Claims Data Evaluation 
For the preliminary study of 16 companies, claims data from only 13 companies were 
available.  Data were missing for one company because it was out of business and two 
companies were multisite. Multisite companies were not included because the exposure 
sampling results only applied to one of the sites.  One company only had results for the 
year 2001, although consultation reports were from 2004 and 2007.  This company only 
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had 10 employees in 2001, so there may not have been any claims for years other than 
2001.  Twelve companies had claims for the years 2005 to 2009. Table E.3 includes the 
average trauma rate for those 12 companies over the years 2005 to 2009. 
 
Table E.3.  Average Trauma Rate for the Five Year Period from 2005-2009 for the Preliminary Study 
Companies 
 
Obs 
 
co 
id 
employee 
count 
avg 
 
employ 
sum 
 
2005-2009 
trauma 
sum 
average 
trauma 
rate 
Average 
Tenure of 
Claimant 
(years) 
% Claimant 
Tenure < 2 
yr 
% 
Traumatic 
1 102 153 766 13 0.01697 1.66 50 92.86 
2 103 87 437 15 0.03432 24.50 0 88.24 
3 104 288 1439 60 0.04170 1.10 88 89.55 
4 105 74 371 18 0.04852 missing missing 100.0 
5 107 61 307 17 0.05537 0.58 92 68.00 
6 108 42 209 12 0.05742 14.07 0 85.71 
7 109 78 388 26 0.06701 1.75 75 83.87 
8 110 40 201 21 0.10448 6.33 43 84.00 
9 111 150 749 99 0.13218 8.45 14 89.19 
10 112 221 1106 62 0.05606 1.56 73 84.93 
11 113 102 510 32 0.06275 13.25 12 86.49 
12 115 89 444 41 0.09234 4.74 10 93.18 
 
The trauma claims were 87.4% of all the claims for these 12 companies over 2005 to 
2009. The Barell matrix (Barell, Aharonson-Daniel et al. 2002) was used to determine 
the body site location of each traumatic injury and the type of each traumatic injury for 
the preliminary companies (Table E.4).  As can be seen in the table, the majority of the 
injuries were to the extremities and the type was open wound, sprains and strains, or 
superficial contusion. 
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Table E.4. Barell Matrix of Site and Type of Injuries for the Preliminary Companies During Years 2005-2009 
 Site of Traumatic Injury  
Total 
 
Non-
Trauma. 
 
EXTREMITIES 
 
HEAD&
NECK 
 
SPINE&
BACK 
 
TORSO UNCLASSIFIABLE 
BY SITE 
Type of Injury  
60 
 
. 
 
. 
 
. 
 
. 
 
. 
 
60 
Non-trauma 
AMPUTATIONS . 3 . . . . 3 
BURNS . 7 3 . . . 10 
CRUSHING . 11 . . . . 11 
DISLOCATION . 8 . . . . 8 
FRACTURES . 28 . . . . 28 
INTERNAL ORGAN . . 4 . . . 4 
OPEN WOUNDS . 94 16 . 1 . 111 
SPRAINS&STRAINS . 85 . 34 15 3 137 
SUPERFIC/CONT . 68 18 . 3 . 89 
SYSTEM WIDE & LATE 
EFFECTS 
. . . . . 15 15 
All 60 304 41 34 19 18 476 
 
E.3 Noise Exposure Results 
See Table E.5 for noise exposure results from the preliminary study. There were 
31 site visit reports with noise data collected from 16 companies (one to four per 
company). One site visit report was not included because it did not include any personal 
sampling results, only area sample results. Each site visit report provided full shift noise 
dosimetry for one to nineteen employees. Most consultation reports provided TWA 
results measured with the 90 dB criterion with 5 dB exchange. Over two-thirds also 
provided samples measured with the 80 dB criterion with 5 dB exchange while only one-
third provided samples measured with the 80 dB criterion with 3 dB exchange. Twelve 
(40%) site visit reports representing six companies (37%) had one personal noise TWA 
above the OSHA PEL (90 dBA). An additional nine site visits representing an additional 
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five companies had personal TWAs above the OSHA Action Level of 85 dBA. 
Therefore, 11 of 16 (68%) companies were above either the OSHA PEL or AL. When 
measuring personal TWA for comparison to the ACGIH TLV, 11 of 12 site visits were 
above that OEL representing all eight companies measured with that method.    
Table E.5.  Noise  Results from 16 Companies 
CO 
ID 
Site 
Visi
t ID 
Date of 
Site Visit 
Number 
of 
sample
s per 
site 
visit 
Min of 
samplin
g time 
(min) 
Max 
TWA for 
OSHA 
PEL 
(90_5)** 
(dBA) 
  Max 
TWA 
for 
OSHA 
AL 
(80_5)*
* (dBA) 
Max 
TWA 
for 
ACGI
H TLV 
(80_3)
** 
(dBA) 
10
1 
1 1-May-02 12 476 86  . . 
10
2 
6 12-Jul-12 2 432 75  81 . 
10
2 
9 16-Sep-08 1 433 73 * 85 92 
10
3 
12 10-Mar-03 6 0 83  86 . 
10
3 
13 9-Jan-01 2 0 86  . . 
10
3 
14 2-Dec-99 8 0 82  . . 
10
3 
15 23-Jul-99 3 0 83  . . 
10
4 
16 11-Mar-03 6 456 97  . . 
10
4 
17 8-Jun-06 4 447 99  . . 
10
4 
21 19-Jun-08 2 458 98  . . 
10
4 
22 18-Nov-08 6 464 99  . . 
10
5 
27 8-Dec-04 3 423 99  100 . 
10
5 
28 12-Jul-11 4 463 94  94 . 
10
6 
29 20-Sep-04 8 338 86  89 . 
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Table E.5.  Noise  Results from 16 Companies 
CO 
ID 
Site 
Visi
t ID 
Date of 
Site Visit 
Number 
of 
sample
s per 
site 
visit 
Min of 
samplin
g time 
(min) 
Max 
TWA for 
OSHA 
PEL 
(90_5)** 
(dBA) 
  Max 
TWA 
for 
OSHA 
AL 
(80_5)*
* (dBA) 
Max 
TWA 
for 
ACGI
H TLV 
(80_3)
** 
(dBA) 
10
6 
30 11-Apr-07 6 462 86  90 . 
10
7 
31 14-Sep-05 7 425 79  81 . 
10
8 
32 29-Nov-05 3 464 73  81 . 
10
9 
33 23-Feb-11 10 429 79      85 88 
10
9 
34 21-Apr-09 7 440 77  85 87 
10
9 
36 14-Jun-11 9 387 88  91 93 
11
0 
38 21-Dec-06 5 428 84  87 . 
11
1 
39 11-Mar-08 11 431 89  97 97 
11
1 
40 13-Dec-05 16 402 90 * 96 . 
11
1 
42 13-Oct-10 1 443 90 * 95 103 
11
1 
43 9-Feb-12 5 462 90  85 . 
11
2 
45 17-Jun-10 8 420 . * 82 89 
11
3 
46 17-May-11 6 288 90 * 93 107 
11
4 
47 17-Mar-11 7 439 90 * 93 106 
11
5 
48 19-Jan-12 5 190 77  85 87 
11
5 
50 22-Feb-12 2 457 62 
 
75 80 
11
6 
51 1-Mar-12 19 206 90  . 98 
* Personal TWAs for OSHA PEL included only one sample or did not a quantitative 
value other than to note that it was greater than 90 dBA. 
** Sampling criterion and exchange rate in dB. 
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Table E.5.  Noise  Results from 16 Companies 
CO 
ID 
Site 
Visi
t ID 
Date of 
Site Visit 
Number 
of 
sample
s per 
site 
visit 
Min of 
samplin
g time 
(min) 
Max 
TWA for 
OSHA 
PEL 
(90_5)** 
(dBA) 
  Max 
TWA 
for 
OSHA 
AL 
(80_5)*
* (dBA) 
Max 
TWA 
for 
ACGI
H TLV 
(80_3)
** 
(dBA) 
Bold – site visits listed in bold have at least one personal TWA above one 
occupational exposure level.  Personal TWAs listed in bold are above the 
occupational exposure level listed in that column. 
 
Six site visit reports could not be included in some of the statistical analyses 
because they lacked results for the OSHA PEL, instead they were just marked above 90 
dBA. One site visit report documented only one sample (Co 102, SV9). Five site visit 
reports did not document quantitative values for personal TWAs at criterion 90 dB and 
exchange rate 5, instead values were collected using 80 dB criterion and 5 dB 
exchange rate and were marked to indicate that the TWA was also above the OSHA 
PEL. Some of these reports could be used for analyses at the OSHA AL.  
E.4 Chemical Exposures 
After removing area samples and short term exposure samples, there were 16 site 
visits representing six companies with 22 analytes: 2-Butoxyethanol (butyl Cellosolve®), 
Carbon Monoxide, Formaldehyde, MDI, respirable particulate matter, TVOC, TDI, total 
particulate, acetone, chromium metal, copper, chrome VI, iron oxide, manganese, n-
butyl acetate, nickel, butanol, silica, stoddard solvent, toluene, wood dust, and xylene.   
Table E.6 shows all the chemicals that were sampled, the number samples that were 
above each OEL, and the percentage above each OEL compared to the number of 
samples collected.  
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Five samples were above the OSHA PEL, 139 samples were below, and 31 
samples did not have a comparable OSHA PEL. Those that were above the OSHA PEL 
were for total particulate (3) and iron oxide (2).   
Table E.6 List of Chemical Sampling Results and Relationship to OELs 
Chemical 
Name 
n 
ge 
osha 
n ge 
acgih 
n ge 
niosh 
n ge 
bwc 
At 
least 
one > 
OEL* 
2-Butoxyethanol (butyl Cellosolve®) 0 0 0 0 0 
Carbon Monoxide 0 1 0 0 1 
Formaldehyde 0 1 3 1    5 
MDI (methylene bisphenyl isocyanate) 0 0 0 0 0 
RPM Respirable Particulate Matter 0 0 0 0 0 
TVOC 0 0 0 0 0 
Toluene, 2,4-diisocyanate 0 0 0 0 0 
Total Particulate 3 4 0 6 7 
acetone 0 0 0 0 0 
chromium metal 0 0 0 0 0 
copper, dust and mists 0 0 0 0 0 
hexavalent chromium 0 0 0 0 0 
iron oxide, dust and fume 2 4 4 2   4 
manganese (ACGIH inhalable) 0 4 0 2 4 
n-butyl acetate 0 4 0 0 4 
nickel (ACGIH inhalable) 0 0 3 0 3 
sec-butyl alcohol (butanol) 0 0 0 0 0 
silica (as respirable dust) with 13% quartz 0 2 1 1 2 
stoddard solvent 0 0 0 0 0 
toluene 0 0 0 0 0 
wood dust, all species except Western Red 
Cedar 
0 5 5 0 5 
xylene 0 0 0 0 0 
*This count the number of samples for each chemical that were above any of  
the three exposure limits or the value that BWC use for comparison. 
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Sixteen samples were above the NIOSH REL for formaldehyde (3), iron oxide (4), 
nickel (3), wood dust (5), and silica (1). Thirty-nine samples did not have a comparable 
NIOSH REL and 121 samples were below the NIOSH REL. 
Twenty-five samples were above the ACGIH TLV, 146 were below the TLV and five 
samples did not have a comparable TLV. The samples that were above the ACGIH TLV 
measured for formaldehyde (1), manganese (4), iron oxide (4), total particulate (4), 
carbon monoxide (1), wood dust (5), n-butyl acetate (4), and silica (2).   
The site visit report industrial hygienist picked a relevant OEL (OSHA, NIOSH, or 
ACGIH) to compare each sampled value. Twelve samples were determined by the 
OBWC industrial hygienist to be above the relevant exposure limit.  
The site visit IH always picked an exposure limit to compare the sampled value.  
However, the IH did not always pick the most protective OEL. The IH often picked the 
OSHA PEL if it existed and typically only chose another OEL if an OSHA PEL did not 
exist.  Only in one instance (total particulate using 5 mg/m3) did the IH pick a more 
conservative OEL than ACGIH, OSHA, or NIOSH. Twenty-nine samples were above at 
least one exposure limit (OSHA, ACGIH, or NIOSH) and two samples were above all 
three.   
The above information also included personal samples collected to compare to short 
term exposure limits (STEL). There were five samples at two plants and three site visits 
that included STEL results. Those chemicals sampled for short term exposure limits 
were formaldehyde (2 samples), acetone, n-butyl acetate, and toluene. When 
comparing these STEL samples to exposure limits, none was over the OSHA ceiling 
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limit, one formaldehyde sample was over both the ACGIH STEL and the NIOSH Ceiling 
limit.   
When considering each of the six companies that had sampling for chemicals 
conducted in their facilities, table E.7 shows the number of samples that were above the 
OELs. The percentages given are compared to the number of samples collected not the 
number of workers.  
 
Table E.7  All Companies with Chemical Sampling with number and percentage above Occupational 
Exposure Limits 
 
Co  n ge osha n ge  acgih n ge niosh n ge bwc pct ge osha  pct ge acgih pct ge niosh pct ge bwc 
102 0 1 0 0 0.00% 12.50% 0.00% 0.00% 
103 0 1 3 1 0.00% 16.67% 50.00% 16.67% 
104 4 11 7 6 4.60% 12.64% 8.05% 6.90% 
109 0 9 5 0 0.00% 14.52% 8.06% 0.00% 
111 1 1 0 4 9.09% 9.09% 0.00% 36.36% 
115 0 2 1 1 0.00% 33.33% 16.67% 16.67% 
 
Only those analytes that are ototoxic or have possible CNS effects and will be used 
for further analysis (tables E.8 and E.9). Table E.8 includes the average value of all 
samples taken for that analyte and the number of samples that exceeded the 
occupational exposure limits. When limited to these analytes, no samples were above 
the OSHA PEL.   
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Table E.8  Analytes with ototoxic or CNS depressant effects listed by Company and Site Visit 
 
Co 
ID 
 
SiteVisit 
ID 
 
Chem Name 
 
n 
 
avg 
conc 
 
Conc units 
102 9 stoddard solvent 1 13.6000 MG-M3 
102 10 Carbon Monoxide 1 25.0000 PPM 
102 11 TVOC 3 16.0000 MG-M3 
103 13 Carbon Monoxide 2 9.0000 PPM 
103 13 Formaldehyde 2 0.0135 PPM 
103 15 Formaldehyde 2 0.1800 PPM 
104 18 manganese (ACGIH inhalable) 3 0.0643 MG-M3 
104 20 Carbon Monoxide 2 1.0000 PPM 
104 20 hexavalent chromium 1 0.0000 MG-M3 
104 20 manganese (ACGIH inhalable) 3 0.0517 MG-M3 
104 23 Carbon Monoxide 2 2.0000 PPM 
104 23 manganese (ACGIH inhalable) 4 0.1670 MG-M3 
104 24 2-Butoxyethanol (butyl Cellosolve®) 2 0.0400 PPM 
104 24 sec-butyl alcohol (butanol) 2 0.0870 PPM 
104 25 manganese (ACGIH inhalable) 4 0.0233 MG-M3 
109 35 acetone 6 13.7667 PPM 
109 35 n-butyl acetate 6 3.5517 PPM 
109 35 stoddard solvent 6 5.9833 PPM 
109 35 toluene 6 6.3800 PPM 
109 35 xylene 6 1.6033 PPM 
109 37 acetone 4 12.3000 PPM 
109 37 n-butyl acetate 4 1.6750 PPM 
109 37 toluene 4 2.9550 PPM 
111 42 n-butyl acetate 1 0.1000 PPM 
111 42 stoddard solvent 1 70.0000 MG-M3 
111 42 xylene 1 8.4000 PPM 
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Table E.9  Analytes with ototoxic or CNS depressant effects with Number and Percent Above 
Occupational Exposure Limits 
 
Chem 
Name 
n 
ge 
osha 
n 
ge 
acgih 
n 
ge 
niosh 
n 
ge 
bwc 
pct 
ge 
osha 
pct 
ge 
acgih 
pct 
ge 
niosh 
pct 
ge 
bwc 
2-Butoxyethanol (butyl Cellosolve®) 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
Carbon Monoxide 0 1 0 0 0.00% 14.29% 0.00% 0.00% 
Formaldehyde 0 1 3 1 0.00% 25.00% 75.00% 25.00% 
TVOC 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
acetone 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
hexavalent chromium 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
manganese (ACGIH inhalable) 0 4 0 2 0.00% 28.57% 0.00% 14.29% 
n-butyl acetate 0 4 0 0 0.00% 36.36% 0.00% 0.00% 
sec-butyl alcohol (butanol) 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
stoddard solvent 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
toluene 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
xylene 0 0 0 0 0.00% 0.00% 0.00% 0.00% 
 
E.5 Exposure and Claims 
Noise and chemical site visit summary exposure data were matched by company 
and year with the policy and claims summary data.  There were 51 site visits for both 
noise and chemical site visits.  Claims data were only available for 17 of the site visit 
and nine companies because claims data for the preliminary study were limited to years 
2001 to 2009.  Considering the 17 matches of claims data by company ID and year, 
seven of those matched chemical site visits company/year and 12 matched noise site 
visit company/year (two matched both).  These numbers were for all chemicals 
sampled, not just chemicals that were ototoxic or had CNS depressant characteristics.  
Because of the limited claims data in the preliminary data set only limited analysis 
was conducted.  Analysis of the preliminary noise data did not find a statistical 
association between percentage of sampled employees with exposures above the 
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OSHA PEL and claims rate (R2 = 0.025, p=.63).  There was a correlation between the 
number of noise samples collected per company with the claims rate by year (R2 - .38, 
p=0.0329). 
The data were even more limited for the chemical exposures with just seven data 
points.  However, the percentage of employees with samples greater than the BWC 
OEL compared to the claims rate was statistically correlated (R2 = .66, p= 0.0254). 
E.6 Consultation Report Quality Control 
Table E.5 included the lowest value of sampling time for each survey. Only one 
survey had personal samples less than 220 minutes and four surveys did not give 
sampling time. Calibration was not mentioned in 14 noise surveys.  
For the 16 chemical exposure site visit reports, three site visits did not mention 
calibration for any of their sampling methods and two site visits mentioned calibration for 
some sampling methods. Those that mentioned calibration for all sampling methods 
were considered in the quality rating to have calibration. Sampling time was greater 
than or equal to 220 minutes for all chemical surveys except two.  Short term samples 
using media for purposes of comparing to a Short Term Exposure Limit were not 
considered when determining this quality rating. The quality rating was the calibration 
rating (0 or 1) plus the sampling time rating (0 or 1). Quality rating scores are shown in 
Table E.10. 
Table E.10 Quality Rating for Site Visit Reports 
QA Survey 
Score 
Noise Sampling Reports 
Number                Percentage 
Chemical Sampling Reports 
Number                Percentage 
0 2 6.5% 1 6% 
1 16 52% 5 31% 
2 13 42% 10 63% 
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Appendix F:  Table of Chemicals Included in the Study and Exposure 
Concentration Levels 
 
Chem_Name 
CAS_N
umber 
Conc_
units 
n_c
o_id 
n_sitev
isit_id 
n min max mean 
media
n 
geomean 
1,1,1,2 
tetrafluoroethane 
811-97-
2 
PPM 1 1 3 4.2 12 8.5 9.3 7.76791 
1,1,2-
trichloroethane 
79-00-5 PPM 1 1 4 0.03 0.04 0.035 0.035 .03464 
1,2,4-
Trimethylbenzene 
95-63-6 PPM 3 4 7 0.02 0.05 4.07142857
142857E-02 
0.048 .03883 
1,3,5, 
trimethylbenzene 
108-67-
8 
PPM 1 2 2 0.01
1 
0.015 0.013 0.013 .01284 
1-methyoxy-2-
propoanol acetate 
108-65-
6 
PPM 2 2 2 0.67 20 10.335 10.335 3.6606 
2-Butoxyethanol 
(butyl Cellosolve®) 
111-76-
2 
PPM 4 5 1
0 
0.16 7.6 1.261 0.31 0.48143 
2-pentanone 
(Methyl propyl 
ketone) 
107-87-
9 
PPM 3 4 9 0.04
4 
2.1 0.51377777
7777778 
0.16 0.19979 
acetone 67-64-1 PPM 11 15 2
8 
0.02
7 
790 60.3570357
142857 
5.85 2.96572 
acrylonitrile 107-13-
1 
PPM 1 1 3 0.04 0.3 0.12666666
6666667 
0.04 .07829 
aluminum (total) 7429-
90-5 
MG-
M3 
13 20 6
9 
0.00
27 
8.6 0.42899275
3623188 
0.018 .04318 
antimony 7440-
36-0 
MG-
M3 
5 10 2
7 
0.00
02 
0.004 1.55555555
555556E-03 
0.0013 .00140 
arsenic (inorganic 
compounds as As) 
7440-
38-2 
MG-
M3 
1 1 1 0.00
043 
0.0004
3 
0.00043 0.0004
3 
0.00043 
benzene 71-43-2 PPM 3 4 9 0.00
9 
0.19 4.46666666
666667E-02 
0.02 .025647 
berylium 7440-
41-7 
MG-
M3 
8 15 4
1 
0.00
0052 
0.0012 2.27634146
341463E-04 
0.0002
2 
.000162 
Cadmium dust 7440-
43-9 
MG-
M3 
17 37 1
0
9 
0.00
01 
0.0022 2.52110091
743119E-04 
0.0001
9 
0.000205 
caprolactam 105-60-
2 
MG-
M3 
1 4 2
3 
3.6 20 10.0652173
913043 
9.1 8.87511 
Carbon Monoxide 630-08-
0 
PPM 12 12 2
0 
1 25 9.6 7.5 5.86789 
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Chem_Name 
CAS_N
umber 
Conc_
units 
n_c
o_id 
n_sitev
isit_id 
n min max mean 
media
n 
geomean 
carbon 
tetrachloride 
56-23-5 PPM 1 1 1 18 18 18 18 18 
chlorobenzene 108-90-
7 
PPM 1 1 4 0.04 2.5 0.655 0.04 0.11246 
chloroform 67-66-3 PPM 1 1 4 0.03 1.9 0.5025 0.04 .097723 
chromium metal 7440-
47-3 
MG-
M3 
24 43 1
5
2 
0.00
0088 
0.44 1.00562236
842105E-02 
0.0033 .002916 
cobalt metal dust 
and fume 
7440-
48-4 
MG-
M3 
11 27 9
5 
0.00
046 
0.18 1.74718947
368421E-02 
0.0051 .00488 
copper, dust and 
mists 
7440-
50-8 
MG-
M3 
26 43 1
0
9 
0.00
022 
0.089 1.61483486
238532E-02 
0.01 .00717 
cumene 98-82-8 PPM 1 1 4 0.03 0.09 0.05 0.04 .04559 
cyanide 
(particulate), 
potasium cyanide 
151-50-
8 
MG-
M3 
1 1 3 0.00
35 
0.085 4.88333333
333333E-02 
0.058 .02584 
cyclobenzaprine 
(pharmaceutical) 
303-53-
7 
MG-
M3 
1 1 2 0.00
18 
0.0028 0.0023 0.0023 .002244 
cyclohexane 110-82-
7 
PPM 3 3 7 0.05 20 3.07428571
428571 
0.1 0.2800209
58830951 
cyclohexanone 108-94-
1 
PPM 3 5 2
4 
0.04 4.5 0.91604166
6666667 
0.6 0.5318825
94594803 
Dibutyl tin 
dilaurate 
77-58-7 MG-
M3 
1 1 2 0.00
4 
0.004 0.004 0.004 0.004 
diethylene glycol 
monobutyl ether 
(2-2-butoxyethoxy 
ethanol) 
112-34-
5 
PPM 2 2 3 0.05 0.1 7.23333333
333333E-02 
0.067 6.9451495
5803254E-
02 
diisobutyl ketone 108-83-
8 
PPM 1 1 3 0.02
9 
0.12 7.83333333
333333E-02 
0.086 6.6889697
4712851E-
02 
diphenhydramine 
hydrochloride 
(pharmaceutical) 
147-24-
0 
MG-
M3 
1 1 1 0.00
15 
0.0015 0.0015 0.0015 0.0015 
dipropylene glycol 
methyl ether ((2-
methyoxymethylet
hoxy)propanol) 
34590-
94-8 
PPM 2 3 3 0.06
4 
0.12 8.33333333
333333E-02 
0.066 7.9732439
4730077E-
02 
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Chem_Name 
CAS_N
umber 
Conc_
units 
n_c
o_id 
n_sitev
isit_id 
n min max mean 
media
n 
geomean 
d-limonene 5989-
27-5 
PPM 1 2 2 0.15 0.15 0.15 0.15 0.15 
ethyl acetate 141-78-
6 
PPM 2 2 4 7.5 37 23.625 25 19.863531
4429948 
ethyl alcohol 
(ethanol) 
64-17-5 PPM 1 1 4 0.1 8.1 3.535 2.97 1.1832461
3954552 
ethyl benzene 100-41-
4 
PPM 13 14 2
0 
0.01 23 2.24805 0.12 0.1557916
22364673 
gasoline 8006-
61-9 
PPM 1 1 1 67 67 67 67 67 
heptane 142-82-
5 
PPM 2 3 3 0.01 0.077 0.045 0.048 3.3310206
1799765E-
02 
hexavalent 
chromium 
7440-
47-3B 
MG-
M3 
26 47 9
6 
0.00
0019 
0.29 5.76495833
333333E-03 
0.0003
1 
4.0122977
9032931E-
04 
iron 7439-
89-6 
MG-
M3 
19 31 8
8 
0.00
72 
7.1 1.37385454
545455 
1.05 0.6184651
96822789 
iron oxide, dust 
and fume 
1309-
37-1 
MG-
M3 
32 58 1
4
3 
0.00
31 
14.43 2.65596573
426573 
1.8 1.2916088
9592316 
isopropanol 67-63-0 PPM 4 5 1
4 
0.08 180 48.44 39 12.067498
7469943 
isopropyl acetate 108-21-
4 
PPM 1 1 4 0.49 1.3 0.98 1.065 0.9182287
92728239 
Lead (inorganic) 7439-
92-1 
MG-
M3 
28 69 1
9
0 
0.00
01 
0.397 2.69893684
210527E-02 
0.0023 4.3172122
9131801E-
03 
magnesium oxide 
fume 
1309-
48-4 
MG-
M3 
1 1 2 0.16
6 
1.12 0.643 0.643 0.4311844
1530278 
manganese (ACGIH 
inhalable) 
7439-
96-5 
MG-
M3 
38 71 2
0
0 
0.00
014 
1.9 0.16823415 0.0795 4.3020687
0096421E-
02 
MEK (methyl ethyl 
ketone) (2-
Butanone) 
78-93-3 PPM 10 15 5
4 
0.01
9 
490 59.6297962
962963 
22.5 10.663639
5027604 
methyl acetate 79-20-9 PPM 1 1 1 24 24 24 24 24 
methyl amyl 
ketone 
110-43-
0 
PPM 7 8 1
3 
0.03 7.9 1.20646153
846154 
0.48 0.4622858
08373098 
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Chem_Name 
CAS_N
umber 
Conc_
units 
n_c
o_id 
n_sitev
isit_id 
n min max mean 
media
n 
geomean 
methyl isobutyl 
ketone (Hexone) 
108-10-
1 
PPM 8 8 1
6 
0.01
8 
5.3 0.487625 0.1285 0.1149313
65476877 
methylene chloride 75-09-2 PPM 2 2 6 0.15 7.3 1.98 0.53 0.7412198
5059576 
molybdeum - 
metal & insoluble 
inhalable 
7439-
98-7 
MG-
M3 
7 12 2
9 
0.00
026 
0.23 0.01095172
4137931 
0.0018 2.1418143
7831373E-
03 
naphtha (heavy 
aromatic) 
64742-
94-5 
PPM 1 1 2 0.98 1.2 1.09 1.09 1.0844353
3693808 
n-butyl acetate 123-86-
4 
PPM 13 16 3
4 
0.01
6 
10 1.58708823
529412 
0.64 0.5497708
42092843 
n-butyl alcohol (n-
butanol) 
71-36-3 PPM 1 2 2 0.12 0.31 0.215 0.215 0.1928730
15219859 
n-Hexane 110-54-
3 
PPM 3 4 7 0.06 22 5.60714285
714286 
1.6 1.5252210
1171662 
nickel (ACGIH 
inhalable) 
7440-
02-0 
MG-
M3 
24 48 1
3
4 
0.00
01 
2.4 9.82329104
477611E-02 
0.0028 3.5496506
2452152E-
03 
n-pentane 
(pentane) 
109-66-
0 
PPM 1 1 4 0.07 0.88 0.4225 0.37 0.3010251
04197961 
n-propyl acetate 109-60-
4 
PPM 2 3 7 0.04 120 28.6528571
428571 
0.34 1.3756285
9008901 
n-propyl alcohol (n-
propanol) 
71-23-8 PPM 2 3 4 0.39 650 284.0975 243 49.705976
6606246 
o-dichlorobenzene 95-50-1 PPM 1 1 4 0.03 0.06 0.0375 0.03 3.5676213
4500816E-
02 
p-dichlorobenzene 106-46-
7 
PPM 1 1 4 0.03 0.098 0.047 0.03 4.0331786
5387478E-
02 
perchloroethylene 
(tetrachloroethylen
e) 
127-18-
4 
PPM 2 3 6 0.02 40 13.7266666
666667 
8.605 1.4496848
289618 
Phenol 108-95-
2 
PPM 6 7 1
0 
0.00
8 
1.2 0.2378 0.024 4.3894649
6715208E-
02 
Propylene Glycol 
Monomethyl Ether 
107-98-
2 
PPM 1 1 3 5.7 20 14.5666666
666667 
18 12.707470
7527647 
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Chem_Name 
CAS_N
umber 
Conc_
units 
n_c
o_id 
n_sitev
isit_id 
n min max mean 
media
n 
geomean 
sodium azide as 
sodium azide 
(particle) 
26628-
22-8 
MG-
M3 
1 1 1 0.42 0.42 0.42 0.42 0.42 
stoddard solvent 8052-
41-3 
MG-
M3 
7 8 1
4 
1.2 80.163
599 
22.5582967
857143 
13.671
166 
10.073654
6123373 
styrene 100-42-
5 
PPM 3 3 5 0.19 3.9 1.642 1.6 0.9028544
46992533 
tert-Butyl acetate 540-88-
5 
PPM 2 3 6 0.65 3.8 2.035 1.65 1.6598651
0611444 
tetrahydrofuran 109-99-
9 
PPM 2 2 7 0.05 16 4.78571428
571429 
1.3 0.7593668
33937025 
tin 7440-
31-5 
MG-
M3 
1 2 4 0.00
12 
0.019 0.006625 0.0031
5 
3.8780341
556115E-
03 
toluene 108-88-
3 
PPM 22 32 8
2 
0.01
2 
83 12.1932195
121951 
4.4 3.4394958
9615143 
trichlorethylene 79-01-6 PPM 7 10 2
4 
0.04 280 23.4339166
666667 
1.035 1.8950021
7110937 
tungsten (metal 
and insoluble 
compounds) 
7440-
33-7 
MG-
M3 
1 2 1
6 
0.00
73 
0.29 0.10183125 0.076 6.9871528
2574866E-
02 
TVOC mix1 PPM 15 23 6
3 
0.01
0353 
141.78
8762 
18.5898864
444444 
8.8402
28 
4.9466157
6231039 
vandium 1314-
62-1 
MG-
M3 
4 7 1
9 
0.00
011 
0.0019 9.03684210
526316E-04 
0.0007
7 
7.5991321
1232312E-
04 
vinyl toluene 25013-
15-4 
PPM 1 1 1 4.9 4.9 4.9 4.9 4.9 
VM&P Naphtha 64742-
89-8 
PPM 1 1 1 590 590 590 590 590 
xylene 1330-
20-7 
PPM 26 31 6
8 
0.01 98 4.64552941
176471 
0.645 0.6541102
86812323 
zinc oxide fume 1314-
13-2 
MG-
M3 
21 37 8
6 
0.00
05 
5.5 0.36037906
9767442 
0.0145 2.9373879
0923161E-
02 
 
